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SWIM BLADDER NEMATODES (ANGUILLICOLOIDES CRASSUS) DISTURB SILVERING IN 
EUROPEAN EELS (ANGUILLA ANGUILLA) 
Geraldine Fazio, Pierre Sasal*, Gabriel Mouahidtt, Raymonde Lecomte-Finigert, and HelEme Monett§ 
Independent Researcher, Poitiers, F-86000, France. e-mail: mone@univ-perp.fr 
ABSTRACT: The introduced parasite Anguillicoloides crassus is thought to play an important role in the decline of freshwater eel (Anguilla 
spp.) populations. These nematodes are known to negatively affect many fitness-related traits in eels. We used experimental infections to 
study the effect of A. crassus on the relative size or mass of organs, and the expression of functionally relevant genes (total of 12 
parameters) that are involved in the silvering process of Anguilla anguilla, Our results showed that the liver mass, the hemoglobin C(~chain, 
and androgen receptors C( expression levels were significantly higher in infected eels, whereas the freshwater rod opsin expression level and 
the gut mass were significantly lower in infected eels. Our results suggested that infected eels were at a more advanced stage in the silvering 
process than uninfected counterparts of similar size, These results may be explained by 2 hypotheses. First, A. crassus could trigger 
physiological mechanisms involved in the silvering process as a side-effect of infection. Second, eels may adjust their life history traits in 
response to infection. The implications for eel migration and reproductive success may be either negative or positive, depending on 
whether the response to A. crassus infection results in an additional cost of the parasite or is due to the phenotypic plasticity of the host. 
The European eel, Anguilla anguilla (L.), along with the other 
species of the genus, are catadromous fishes, indicating that 
migrations between different aquatic environments are included in 
their life history. After a growing phase of several years in 
continental waters, the yellow eels metamorphose in 5 to 6 mo into 
silver eels, which migrate downstream back to the Atlantic Ocean 
to begin their reproductive migration to the Sargasso Sea 
(reviewed by van Ginneken and Maes, 2005). This metamorphosis, 
called silvering, is a crucial step in the eel life cycle in that it sets the 
functional adaptations to perform a 6,000-km oceanic migration 
to the spawning area in high-pressure conditions. These multiple, 
drastic changes, which are both morpho-anatomic and physiolog-
ic, can be divided into 4 categories corresponding to the different 
aspects of the silvering process. First, adaptation to the marine 
environment involves modification of vision, i.e., enlargement of 
the eye area and a switch in visual pigments (y.1 ood and Partridge, 
1993; Archer et aI., 1995; Zhang et aI., 2000). Additionally, it 
includes adaptation of osmoregulation to the marine ecosystem, 
which is mediated, at the molecular level, by the active transport of 
ions and water in the secretory/absorptive epithelia of the gills, 
intestine, kidneys, and urinary bladder (Cutler et aI., 1996; Hirose 
et aI., 2003). Second, cessation of growth triggers the closing and 
further degeneration of the alimentary tract (Pankhurst and 
Sorensen, 1983; Tesch, 2003). Third, preparation of the spawnIng 
migration embraces morphological and physiological changes that 
allow long and sustained swimming at variable depth. This 
includes pectoral fin enlargement, fat accumulation, and increase 
in muscle oxygenation. Finally, there is an initiation of gonad 
maturation (Larsen and Dufour, 1993). 
Several eel species, but especially A1)guilla anguilla, Anguilla 
rostrata, and Anguilla japonica, have suffered a steep decline 
throughout their distribution range since the early 1980s (Tseng 
et aI., 2003; Wirth and Bernatchez, 2003; EIFAC/ICES, 2007). 
Explanations for these declines include climate change, freshwater 
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habitat destruction, physical obstructions to migration, pollution, 
over fishing, and disease. In this context, the quality of the 
spawners has become a major priority in species management 
(EELREP, 2005). Silver eels infected with EVEX (Eel Virus 
European X) died after 1,000-1,500 km during simulated migration 
in swim tunnels (van Ginneken et aI., 2005). However, doubts 
remain about the effect of the nematode Anguillicoloides crassus 
(formerly Anguillicola crassus) on the physiology of silver stages 
and subsequent ability to migrate to the spawning area. This 
parasite was accidentally introduced into Europe in the early 1980s 
via importation of infected eels from Taiwan and then rapidly 
spread through farmed and wild populations of A. anguilla in 
Europe (for synthesis, see Kirk, 2003). The hematophagous 
nematode causes severe histopathology in the swim bladder and 
impairment of gas secretion (Molnar et aI., 1993; Haenen et aI., 
1996; Wurtz et aI., 1996), strongly suggesting that the function of 
the swim bladder as a buoyancy and hydrostatic organ is damaged 
as a result of heavy and/or recurrent infections. However, 
experimental studies on swimming performance and resistance to 
high pressure, which are both crucial in migrating silver stages, 
have given contrasting results, showing either that A. crassus 
reduces the swimming performance of their hosts significantly 
(Sprengel and Luchtenberg, 1991; Palstra et aI., 2007) or that it has 
no influence on this host trait (Vettier et aI., 2003; Miinderle et aI., 
2004). In addition, 3 of these studies were performed with yellow 
eels, and confirmation of the results is needed for silver eels. In 
point of fact, the effect of A. crassus on the silvering process itself 
has never been investigated under experimental conditions. 
Proteomics and genomics are rapidly expanding disciplines that 
may 'give a new dimension to host-parasite interaction studies 
(Biron et aI., 2005). For example, differential gene expression has 
been used recently in fish-parasite models to investigate the global 
processes underlying host susceptibility or resistance (Collins 
et aI., 2007; Severin and EI-Matbouli, 2007; Baerwald et aI., 2008) 
and to estimate the expression of specific immune genes related to 
pathogen and parasite infections (Fast et aI., 2006; Faliex et aI., 
2008; Sitja-Bobadilla et aI., 2008). In both cases, gene expression 
appeared to be a powerful tool for analyzing the physiological 
response of a host infected by a given parasite. In a previous study 
conducted on naturally infected eels, we analyzed, among other 
things, the relationships between the macroparasite community of 
the European eel and the expression of the freshwater and deep-sea 
rod opsin genes, which code for the visual pigments involved in 
TABLE I. Silvering's parameters investigated in this study. 
Silvering's aspect Organ Level Parameter* Pattern of change Standardized estimatort Reference 
Adaptation to the marine 
environment 
Growth stop 
Preparation to the spawning 
migration 
Sexual maturation 
Eyes 
Gills and intestine 
Gills 
Alimentary tract 
Pectoral fin 
Body. 
Liver -
Kidney 
Testes 
Morpho-anatomic 
Physiological 
Physiological 
Physiological 
Morpho-anatomic 
Morpho-anatomic 
Morpho-anatomic 
Morpho-anatomic 
Physiological 
Physiological 
Physiological 
Area Increase 10 
Expression of FWO gene Decrease None 
Expression of NKA~I gene Increase None 
Expression ofNKCCla gene Increase None 
Mass Decrease IGU 
Length Increase IF 
Mass Increase K 
Mass Increase IH 
Expression of Hbot gene Increase None 
Expression of ARot gene Increase None 
Expression of activin B gene Increase None 
• FWD = freshwater rod opsin; NKA~1 = Na+fK+-ATPase ~l; NKCCla = Na+/K+/2Cl- cotransporter; Hbat = hemoglobin at-chain; ARat = androgen receptors at. 
t 10 = ocular index; IGU = gut index; IF = fin index; K = Fulton's condition factor; IH = Hepatosomatic index. 
TABLE II. Sequences, amplicon sizes, annealing temperature, and extension time of the primers used for target gene amplification. 
Amplicon 
Target gene Accession no. Target organ Primer* Sequence size (bp) 
FWO AJ249202 Eyes FWO forward 5' -CATCTCATTCCTGGTC-3' 319 
FWO reverse 5'-TCGTGGTAATATGCCGTG-3' 
NKA~1 AJ239317 Gills and intestine NKA~I forward 5 '-CACAATGAACACTGAGCTGC-3 , 157 
NKA~ I reverse 5' -GAAATGGGGGAGAGAGAAAG-3' 
NKCCla AJ486858 Gills NKCCla forward 5'-CACTGGGATTGTGTATCT-3' 313 
NKCCla reverse 5'-GATGTTGTCTTTGCATAAAGC-3' 
Hbot EUOI8411 Kidney Hbot forward 5' -CAACTCTCCCGAGGTC-3' 209 
Hbot reverse 5 '-CGGGTGTGAAATCATTGG-3 , 
ARot AB023960 Testes ARot forward 5 '-CTACCGGGCTCTAGCG-3 , 302 
ARot reverse 5'-AGTCCGACCCCAGTAT-3' 
Activin B AB025356 Testes Activin B forward 5' -CGACTGGATCATCGCC-3' 312 
Activin B reverse 5'-TTGAGAGTTCGAGCGT-3' 
~-actin AB074846 All ~-actin forward 5 '-CGGAATCCACGAGACC-3 , 205 
~-actin reverse 5'-TCCAGACGGAGTATTTGC-3' 
• FWD = freshwater rod opsin; NKA~1 = Na+/K+-ATPase ~l; NKCCla = Na+/K+/2Cl- cotransporter; Hbat = hemoglobin at-chain; ARat = androgen receptors at. 
Pankhurst, 1982 
Zhang et al., 2000 
Kalujnaia et aI., 2007 
Kalujnaia et aI., 2007 
Pankhurst and Sorensen, 1983 
Durif et aI., 2005 
Larsson et aI., 1990 
Durif et aI., 2005 
Johansson et aI., 1974 
Miura and Miura, 2003 
Miura and Miura, 2003 
Annealing Extension time 
temp. Cc) (sec) 
60 17 
62 8 
60 16 
64 11 
60 IS 
64 16 
65 12 
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TABLE III. Biological characteristics and estimators of silvering (mean ± SD (min-max» in male eels (N = 54) at times of infection and dissection. (-tests 
for dependent samples were performed between dates. 
Biological characteristics and 
Silvering's aspect silvering's estimatorst Infection time* Dissection time Paired (-test 
MT (g) 99.6 ± 21.7 (58.1-150.9) 85.7 ± 19.3 (48.2-131.7) ( = 18.41, P < 0.0001 
Lr (mm) 392 ± 26 (343-449) 390 ± 25 (341-444) ( = 5.99, P < 0.0001 
Adaptation to the marine 10 7.4 ± 1.1 (5.5-9.6) 11.9 ± 1.5 (7.1-14.5) ( = -28.12, P < 0 .001 
environment 
Growth stop IGU N.A. 1.038 ± 0.476 (0.529-3.196) 
Preparation to the spawning IF 4.8 ± 0.3 (4.0-5.6) 5.2 ± 0.3 (4.5-6.1) ( = -15.01, P < 0.0001 
migration K (glcm3) 0.163 ± 0.015 (0.128-0.201) 0.143 ± 0.013 (0.116-0.171) ( = 16.49, P < 0.0001 
IH N.A. 1.024 ± 0.208 (0.550-1.775) 
• N.A. = data not available at time of infection. 
t MT = total mass; Lr = total length; 10 = ocular index; Iou = gut index; IF = fin index; K = Fulton's condition factor; IH = Hepatosomatic index. 
vision in freshwater and marine environments, respectively (Fazio, 
Mone, Lecomte-Finiger, and Sasal, 2008). We demonstrated fIrst 
the absence of a relationship between the abundance of the 
nematode and the expression level of the freshwater rod opsin gene 
and, second, a signifIcant positive relationship between the 
abundance of the nematode and the expression level of the deep-
sea rod opsin gene. We then hypothesized that A. crassus may have 
an effect on the fIsh's silvering and migratory processes, being aware 
that an experimental approach was required for confIrmation. 
In the present study, we used experimental infections to 
examine the effect of the nematode on the morpho-anatomic 
and physiological transformations of the silvering process. We 
analyzed the impact of A. crassus infection on 12 parameters 
related to the different aspects of the silvering process, e.g., 
adaptation to marine environment, growth cessation, oceanic 
migration, and initiation of sexual maturation. We should 
emphasize that it was not our intention to study the parasite 
effects on the whole complexity of the silvering process, but rather 
experimentally determine whether there was an influence of the 
nematode on the relative size or mass of some relevant organs and 
the expression of some fundamental genes. 
MATERIALS AND METHODS 
Collection and husbandry of eels 
European eels Anguilla anguilla (Linnaeus, 1758) were caught by a 
professional fisherman in July 2005 in Palavasian lagoons (43.54°N, 
03.92°E, Herault, France) where prevalences and intensities by A. crassus 
TABLE IV. Results of experimental infections with Anguillicoloides crassus. 
No. of eels that received an infective dose of 
third-stage larvae 
Proportion of infected eels (%) 
No. (mean ± SD (min-max)) of recovered 
parasites per eel 
Third-stage larvae 
Fourth-stage larvae 
Adults 
All 
No. of eels with second-stage larvae in the 
swim bladder 
Biomass (mean ± SD (min-max)) of adult 
worms per eel (mg) 
37 
100 
o 
0.2 ± 0.4 (0-1) 
7.2 ± 5.2 (0-19) 
7.4 ± 5.4 (1-19) 
29 
459 ± 386 (1-1,725) 
were the lowest so far recorded in the Lion Gulf (Fazio, Sasal, et aI., 2008). 
Fifty-four eels about to begin the process of silvering were selected. They 
exhibited ocular hypertrophy (ocular index: 10 ), a differentiated lateral 
line, and a contrasting color (silver) with a total body length (LT) less than 
450 mm, in order to ensure we were working only with males (Acou et aI., 
2005; Durif et aI., 2005). They were brought to the laboratory in 
oxygenated lagoon water and transferred into ten 100-L tanks filled with 
artificial salt water (37 giL). They all received a mebendazole (Sigma 
Chemical Co., St. Louis, Missouri) treatment (1 mglL for 24 hr) for 
monogeneans (Buchmann, 1993). 
Cultivation of third-stage (La) larvae of A. crassus 
L3 larvae of A. crassus were cultivated following a modified version of 
the procedure described by De Charieroy et al. (1990) and Haenen et al. 
(1994). Second-stage (L2) larvae and eggs containing L2 larvae of A. 
crassus were isolated from naturally infected eels caught in Mediterranean 
lagoons. L2 and eggs were suspended into fresh water and incubated for 2 
or 3 days at 20 C until hatching. Copepods (Cyclops spp.) collected at the 
Villeneuve-de-Ia-Raho Lake (42.63°N, 2.90oE, Pyrenees-Orientales, 
France) were fed L2 larvae (-100 L2 larvae per 10 copepods). 
Subsequently, copepods were maintained at 24 C in oxygenated water 
and fed once a day with Paramecium sp. The presence of a brace-shaped 
sc1erified structure at the anterior end of the larvae, called the "buccal 
ornamentation" (Blanc et aI., 1992), confirmed the presence of L3 larvae in 
a few, randomly chosen copepods using a compound microscope. At this 
point, L3 larvae were recovered from the copepods with a tissue grinder in 
physiological serum (8.50/00) and counted using a binocular microscope. 
Eel infection protocol, 11-ketotestosterone treatment, and 
rearing conditions 
The experimental infections of A. anguilla were performed after I wk of 
acclimatization in the tanks. Eels were anesthetized in 0.1 milL Eugenol 
(Merck Schuchardt OHG, Hohenbrunn, Germany) and then weighed 
(total mass, MT, to the nearest 0.1 g) and measured (total length, Lr, in 
millimeters). The Fulton's condition factor at the time of infection (K) was 
calculated as K= (MT/4) X 100, with weight in grams and length in 
centimeters (Bolger and Connolly, 1989). The following measurements 
were made to the nearest 0.1 mm on the left side of eels: pectoral fin length 
(LF)' and horizontal (Dh) and vertical (Dv) eye diameters. The fin index 
(IF)' the ocular index (10) (Pankhurst, 1982), and the eye area (AE) were 
calculated as IF = 100 X LF/Lr, 10 = ([(Dh + Dv)/4]2 X 7tlLr) X 100, and 
AE = 1t X Dh X Dv/4. The experimental infections were carried out as 
described in Fazio, Mone, Mouahid, and Sasal (2008). Briefly, 50 L3 
larvae were intubated into the stomachs of 37 eels, using syringes with a 
blunt cannula filled with physiological serum. Another 17 were not 
exposed to parasites and designated as controls. This dose was chosen 
based on our previous experience (Fazio, Mone, Mouahid, and Sasal, 
2008), in order to obtain a range of parasite numbers that were consistent 
with those occurring in the field. 
Silvering is a flexible process that may be temporarily arrested if chances 
of successful migration are compromised (Sved1ing and Wickstrom, 1997). 
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FIGURE 1. Significant effect of Anguillicoloides crassus infection state on (a) the expression of the freshwater rod opsin (FWO) gene, (b) the gut mass 
(MGu), and (c) the liver mass (Md in male eels. The solid line represents the mean, the box stands for ± standard error of the mean, and the whiskers for 
the minimum and maximum values of the sample. I.1.Ctl = absolute value of relative level of cycle threshold. 
Durif et al. (2009) even showed that silver eels held captive in tanks 
beyond their normal migration period may regress to yellow eels. To 
minimize the risk of silvering arrestment or reversion, we used 11-
ketotestosterone (ll-KT) to artificially maintain the silvering process in a 
sub-sample of male eels; the remaining individuals were given a chance to 
naturally pursue their metamorphosis. This steroid hormone, which is a 
potent androgen in fish (Fostier et aI., 1983), induces spermatogenesis in 
vitro in male Japanese eels, A. japonica (T. Miura et aI., 1991; C. Miura 
et aI., 1996). To our knowledge, there are no available data on the effect of 
this steroid on the whole silvering processes in male European eels in vivo. 
However, ll-KT treatment induced silvering-related changes in short-
finned female eels (A. australis) in vivo (Rohr et aI., 2001). Seventeen of 
the 37 infected eels and 7 of the 17 uninfected eels received several 
injections of ll-KT (Sigma); 2ILg of ll-KT per I g of eels, homogenized in 
about 0.5 ml of physiological serum (60/00), were weekly injected in the 
body cavity (S. Dufour, pers. comm.). This treatment began I wk after the 
experimental infections and continued for 5 wk. 
Eels were starved during all the experimental procedures. All the tanks 
were in a single room where the photoperiod was 12/12 hr, and the 
temperature was between 20 and 25 C. Each experimental tank was 
equipped with a recirculation system (320-760 Llhr) with a mechanical-
biological filter (model 2042020, Eheim, Deizisau, Germany); water was 
aerated using air stones. Feces were siphoned out twice each weej<, and 
tank water was entirely renewed weekly with water that previously passed 
through an ultraviolet lamp to prevent bacterial contamination. 
Parasite recovery and tissue conservation 
Five months post-infection, the eels were anesthetized, weighed, and 
measured. The following measurements were again made on the left side 
of eels, i.e., pectoral fin length (LF)' and horizontal (Dh) and vertical (Dv) 
eye diameters. Eels were then killed instalftfy by beheading. The Fulton's 
condition factor (K), fin (IF) and ocular (10) indexes, and the eye area (AE) 
at the time of necropsy were calculated as above, and sex was determined. 
The 54 eels were males. The liver (Md and gut (MGu) of each eel were 
weighed to the nearest milligram. Hepatosomatic (IH ) and gut (IGu) 
indexes were calculated as IH = 100 X MdMT and IGU = 100 X MGul 
MT • Testes mass was not considered to be reliable enough because of 
incomplete separation of the gonad lobules from the connective tissue. For 
the recovery of parasites, swim bladders (wall and lumen) were examined 
using a binocular microscope. The developmental stages (L3, L4 , or adult 
stages) were determined. We checked for the presence of L2 larvae and 
eggs in the lumen of the swim bladder. Adult parasites of each swim 
bladder were weighed to the nearest milligram. 
The eyes, gills, gonads, intestine, and kidney were immersed in 
RNAlater® (Ambion Inc., Austin, Texas) and were stored at -20 C for 
further molecular analysis. 
Choice of silvering parameters 
The silvering process is characterized by multiple changes, among which 
12 were selected for investigation. Their characteristics are presented in 
Table I. Choice of parameters was made in order to study the impact of 
the nematode on the 4 aspects of the metamorphosis, e.g., adaptation to 
marine environment, growth stop, oceanic migration, and initiation of 
sexual maturation, but also at the morpho-anatomic and physiological 
levels at which the modifications take place. Increase in body condition, 
enlargement of the eye area and pectoral fins, degeneration of the 
alimentary tract, and increase in the liver mass are well documented 
morpho-anatomic changes involved in the silvering, for which standard-
ized estimators are available (Table I). Physiological changes have recently 
been characterized at the molecular level. Quantitative RT-PCR analyses 
in Japanese eels revealed that the expression of freshwater rod opsin 
(FWO) in the eyes decreases during the silvering process (Zhang et aI., 
2000). Experimental studies showed that the Na+/K+-ATPase 131 (NKAI31) 
and Na+/K+I2CI- cotransporter (NKCCla) genes, which code for 
transmembranous proteins, were significantly up-regulated following 
seawater transfer (Kalujnaia et aI., 2007). Here, the effect of A. crassus 
on adaptation of the vision and osmoregulation was inferred by analyzing 
the expression of the .FWO in the eyes, NKA131 in the intestine and in the 
gills, and NKCCla in the gills. Hemoglobin and hematocrit were found to 
be higher in silver eels than in yellow eels (Johansson et aI., 1974). Muscle 
oxygenation capacity was studied by analyzing the expression of 
hemoglobin et-chain (Hbet) in the kidney (Soldatov, 2005). Finally, we 
examined the expression of androgen receptors et (ARet) and activin B in 
the testes because of the close relationship between their gene expression 
and the ll-KT level in the context of spermatogenesis induction (Miura 
and Miura, 2003). 
Molecular analysis 
Total RNA of each organ was extracted using TRIzol (Invitrogen, 
Carlsbad, California) according to the manufacturer's protocol. RNA 
concentrations were read spectrophotometrically. Two micrograms of 
RNA were used to synthesize cDNA in a total volume of 20 I!i containing 
I X first-strand buffer, 0.51Lg of oligo(dT) as primer, 0.5 mM deoxynucleo-
side triphosphates, 10 mM dithiothreitol, 40 U of RNaseOUT (Invitro-
gen), 200 U of Moloney murine leukemia virus reverse transcriptase 
(Invitrogen), and diethyl pyrocarbonate water, according to the manu-
facturer's protocol, and stored at -20 C until use. 
Real-time PCR was carried out using a LightCycler (Roche Diagnostics, 
Basel, Switzerland). Reactions were set up in microcapillaries using the 
following concentrations in a final volume of 10 ILl: 0.5 ILM each primer, 
3.5 mM of MgCI2, I X SYBR Green Master Mix (Roche Diagnostics, 
Mannheim, Germany), and 1 ILl of cDNA. Primers for the real-time PCR 
were designed using the LightCycler Probe Design software (Roche 
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FIGURE 2. Significant effect of 11-ketotestosterone treatment on (a) the expression of the Na+/K+/2Cl- cotransporter (NKCCla) gene, (b) the gut 
mass (MGu), (c) the expression of the androgen receptors rx (ARrx) gene, and (d) the expression of the activin B gene in male eels. Thesolid line represents 
the mean, the box stands for ± standard error of the mean, and the whiskers for the minimum and maximum values of the sample. 11-KT = 11-
ketotestosterone-treated eels; no inj. = eels that received no injections. I,1.Ctl = absolute value of relative level of cycle threshold. 
Diagnostics, PE Applied Biosystems) on the basis of the European or 
Japanese eel cDNA sequences. Accession numbers, primer characteristics, 
and amplicon lengths are shown in Table II. The PCR cycling conditions 
were as follows: cDNA denaturation for 10 min at 95 C, followed by 40 
cycles of 15 sec at 95 C, primer annealing for 5 sec at the specific 
temperature (see Table II), and a specific time extension at 72 C (see 
Table II), with fluorescence measured at the end of every annealing and 
extension step. Reactions for each sample were performed in duplicate. 
Each PCR was calibrated with a pool of cDNA and a negative control (1 III 
of H20 was used). The specificity of the amplification of each sample was 
ensured by examination of the melting curves. PCR efficiency (E) was 
calculated as E = 1O(-1I810pe) (where slope was calculated performing a PCR 
on serial dilutions of a pool of cDNA). Our results revealed that all E values 
were higher than 1.95. Choice of a reference gene in real-time RT-PCR is 
always difficult to make, because no single gene has a constant expression 
level. However, in fish studies, ~-actin is considered to be one of the most 
stable reference genes (Olsvik et aI., 2005). 
An average value of cycle threshold (Ct) of the duplicates was calculated 
and corrected with the mean value of the calibrator duplicates for each 
sample. Relative level of cDNA (,1.Ct) of each gene was calculated as ,1.Ct 
= mean Cttarget gene - mean Ct~-actin' The relative ratio of the target gene 
expression (relR) between 2 samples "a" and "b" was calculated as relR = 
2-MCt with ,1.,1.Ct = ,1.Cta - ,1.Ctb, according to the manufacturer 
recommendations for E ~ 1.95. 
Statistical analysis 
Samples for which the difference between duplicates was more than 0.2 
cycles were excluded from statistical analysis. Because there is a negative 
relationship between the ,1.Ct value and the expression level of target 
genes, ,1.Ct data were transformed. First, the maximum ,1.Ct value found 
for a target gene was subtracted from all the other values for the same 
gene, resulting in all ,1.Ct values :s O. Second, the absolute value of each 
,1.Ct value (I,1.CtD was calculated, resulting in a positive relationship 
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TABLE V. Parameters and estimators related to the different aspects of the silvering process. Data are presented as mean ± SD (min-max) for each 
experimental group. 
Silvering's aspect 
Adaptation to the marine 
environment 
Silvering's parameters and estimatorst 
AE (mm2) 
10 
Expression of FWO (I"'CtI) 
Un infected eels* 
II-KT (N = 7) 
175.2 ± 28.9 (116.9-201.1) 
11.3 ± 1.6 (8.1-13.2) 
No inj. (N = 10) 
171.4 ± 41.7 (100.2-240.5) 
11.2 ± 2.2 (7.1-14.4) 
Expression of NKA~I in the gills (I"'Cti) 
Expression of NKA~ I in the intestine (I"'CtI) 
Expression of NKCCla (I"'Ctl) 
2.63 ± 0.63 (1.72-3.52) 
1.61 ± 0.79 (0.53-2.74) 
6.67 ± 0.22 (6.37-6.92) 
1.94 ± 0.74 (1.18-2.88) 
2.80 ± 0.87 (1.30-4.03) 
1.23 ± 0.79 (0.14-2.79) 
6.49 ± 0.92 (4.58-8.12) 
2.89 ± 0.74 (1.23-4.19) 
Growth cessation 
Preparation to the spawning 
migration 
Sexual maturation 
MGU (g) 
IGU 
MT (g) 
K (g/cm3) 
LF (mm) 
IF 
ML (g) 
IH 
Expression of Hbo: (I"'CtD 
Expression of ARo: (I"'Ctl) 
Expression of activin B (I"'Ctl) 
• II-KT = ll-ketotestosterone-treated eels; no inj. = eels that received no injections. 
0.759 ± 0.182 (0.553-1.120) 
0.964 ± 0.285 (0.712-1.571) 
80.1 ± 11.7 (65.0-101.1) 
0.139 ± 0.009 (0.121-0.152) 
20.5 ± 1.3 (18.0-21.8) 
5.3 ± 0.2 (5.0-5.7) 
0.734 ± 0.081 (0.641-0.866) 
0.922 ± 0.066 (0.839-1.009) 
2.51 ± 1.13 (0.85-3.71) 
1.27 ± 0.98 (0.14-2.78) 
2.58 ± 1.86 (0.77-5.47) 
1.106 ± 0.444 (0.587-2.247) 
1.540 ± 0.777 (0.915-3.196) 
77.8 ± 24.1 (48.2-114.7) 
0.139 ± 0.016 (0.116-0.161) 
19.2 ± 2.1 (16.3-22.5) 
5.1 ± 0.3 (4.6-5.4) 
0.738 ± 0.262 (0.393-1.140) 
0.961 ± 0.243 (0.550-1.486) 
2.18 ± 1.36 (0.10-4.01) 
2.07 ± 0.40 (\.23-2.46) 
4.82 ± 2.72 (0.00-8.65) 
t AE = eye area; 10 = ocular index; FWO = freshwater rod opsin; I~Ctl = absolute value of relative level of cycle threshold; NKA~I = Na+(K+-ATPase ~1; NKCCla = Na+( 
K+(2CI- cotransporter; MGU = gut mass; IGU = gut index; MT = total mass; K = Fulton's condition factor; LF = pectoral fin length; IF = fin index; ML = liver mass; IH 
= Hepatosomatic index; Hbl)( = hemoglobin I)(-chain; ARI)( = androgen receptors 1)(. 
between the I"'Ctl value and the expression level of target genes. A 
Kolmogorov-Smirnov test was used to assess the normality of variable 
distributions. The homogeneity of variances was tested using the Levene 
F-test (Zar, 1999). To meet these assumptions, gut mass (MGu) was log-
transformed prior to analysis (Zar, 1999), and I extreme value was 
removed from the following variables: expression ofNKA~1 in gills and in 
the intestine, and expression ofNKCCla. Nonparametric Mann-Whitney 
U-tests and Kruskal-Wallis tests were performed to compare silvering's 
parameters of eels that were under identical experimental conditions in 
terms of parasite exposition and steroid treatment but distributed in 2 or 3 
tanks (Zar, 1999). No differences were found between eels reared in 
different tanks under identical experimental conditions (P > 0.05). 
Progress in the silvering process was evaluated using paired (-tests for 
MT , LT , K, IF, and 10 between times of infection and dissection. 
Multivariate general linear models were used with Type III sum of 
squares (SS) to analyze the variation in the 12 parameters of the silvering 
(Table I). The predictors were (1) the infection state (uninfected/infected 
eels); (2) the biomass of adult parasites; (3) the II-KT treatment (If-KT-
treated eels and eels that received no injections); (4) the interaction between 
the infection state and the II-KT treatment (infection state X II-KT 
treatment); and (5) either the fish total mass (MT) or total length (LT) as a 
covariate. The way we selected the appropriate covariate depended on the 
nature ofthe parameters, i.e., organ mass/length or gene expression. For the 
morpho-anatomic variables, we 'logically' analyzed gut and liver masses 
while controlling for MT , and eye area and pectoral fin length while 
controlling for LT. With regard to the physi(')togical variables, choice of the 
covariate was made by testing the goodness of fit of the statistical models. 
Total mass and total length, but also the other explanatory variables 
(infection state, parasite biomass, II-KT treatment, and infection state X 
ll-KT treatment), were included in the analysis. We calculated Akaike's 
information criterion (AIC) to rank the reduced models, i.e., to determine 
the best subsets of predictors. Only candidate models with an AIC value 
within 2 points of the best-fitting model, i.e., the candidate model with the 
lowest AIC, were considered to have substantial empirical support 
(Burnham and Anderson, 2002). We then selected the covariate that was 
included in the candidate model with the closest AIC of the best-fitting 
model. Expression of FWO, expression of NKA~1 in gills, expression of 
NKCCla, gut mass (MGu), liver mass (ML), and expression of activin B 
were examined in a single multivariate analysis of covariance (MANCOV A) 
with total mass (MT ) as a covariate. Eye area (AE), expression ofNKA~1 in 
the intestine, pectoral fin length (LF), expression of Hbo:, and expression of 
ARo: were examined in a single MANCOVA with total length (LT) as a 
covariate. The homogeneity of variance -covariance matrix was tested using 
the F-test from Box's M statistics, and Pillai's trace criterion was chosen to 
assess the significance of the test because of its robustness when 
experimental group sizes are unequal (Johnson and Field, 1993). When a 
MANCOVA was significant, univariate analyses of covariance (AN CO-
VAs), which included only the significant predictors, were subsequently 
performed for each parameter alone. Variation in eel body condition was 
investigated using an ANCOV A, which allows, after log-transformation of 
the data, one to estimate directly the effects of both parasite and steroid 
treatment on fish mass while controlling for a concomitant variable of 
influence, i.e., fish length (Garcia-Berthou, 2001; Freckleton, 2002). The 
importance of individual predictors was assessed by the squared semipartial 
correlation coefficient (r~emipartial)' calculated as r;ernipartial = SSeffcctfSStotab 
which represents the proportion of total variation accounted for by a factor 
over and above what is explained by the other factors (Cardinal and Aitken, 
2006). The contribution of continuous predictors was assessed by the sign of 
the un standardized regression coefficients (b). Analyses were carried out 
using Statistica 6.0 software. 
RESULTS 
Ocular and fin indexes and Fulton's condition factor were 
significantly different between times of infection and dissection 
(paired [-test, P < 0.05; Table III). All experimentally infected 
eels were found to be parasitized at necropsy, and no A. crassus 
was found in unexposed eels (Table IV). All recovered parasites 
were at the adult stage, except I. These adults reproduced in 29 of 
37 eels. Their biomasses ranged from 1 to 1,725 mg, which is 
consistent with that typically found in naturally infected eels. 
Considering together expression of FWO, expression of 
NKA~l in gills, expression of NKCCla, gut mass (Mou), liver 
mass (Md, and expression of activin B, we found a significant 
multivariate relationship with the total mass (MT ) (Pillai's trace = 
0.627, F6•39 = 10.94, P < 0.001), 11-KT treatment (Pillai's trace = 
0.533, F6,39 = 7.42, P < 0.001), infection state (Pillai's trace = 
0.269, F6•39 = 2.40, P = 0.046), and interaction between the 
TABLE V. Extended. 
U ninfected eels * 
Total (N = 17) 
173.0 ± 36.0 (100.2-240.5) 
11.3 ± 1.9 (7.1-14.4) 
2.73 ± 0.76 (1.30-4.03) 
1.38 ± 0.79 (0.14--2.79) 
6.56 ± 0.71 (4.58-8.12) 
2.57 ± 0.85 (1.18-4.19) 
0.963 ± 0.392 (0.553-2.247) 
1.303 ± 0.675 (0.712-3.196) 
78.7 ± 19.5 (48.2-114.7) 
0.139 ± 0.013 (0.116-0.161) 
19.8 ± 1.9 (16.3-22.5) 
5.2 ± 0.3 (4.6-5.7) 
0.736 ± 0.203 (0.393-1.140) 
0.945 ± 0.187 (0.550-1.486) 
2.32 ± 1.24 (0.10-4.01) 
1.74 ± 0.79 (0.14--2.78) 
3.89 ± 2.60 (0.00-8.65) 
ll-KT (N = 17) 
192.8 ± 31.4 (141.0-248.8) 
12.1 ± 1.5 (9.0-14.0) 
1.92 ± 1.02 (0.00-4.05) 
1.39 ± 0.38 (0.69-2.04) 
6.45 ± 0.42 (5.90-7.45) 
2.27 ± 0.32 (1.83-3.17) 
0.729 ± 0.180 (0.536-1.149) 
0.838 ± 0.267 (0.529-1.616) 
90.5 ± 20.1 (58.2-131.7) 
0.143 ± 0.016 (0.119-0.171) 
20.7 ± 1.9 (17.5-23.8) 
5.2 ± 0.3 (4.5-6.1) 
0.895 ± 0.248 (0.501-1.347) 
0.987 ± 0.157 (0.827-1.315) 
3.90 ± 1.97 (1.16-7.36) 
1.68 ± 0.52 (0.68-2.71) 
2.74 ± 2.18 (0.09-6.29) 
infection state and the ll-KT treatment (Pillai's trace = 0.290, 
F6•39 = 2.66, P = 0.029). There was no multivariate effect of the 
biomass of adult parasites (Pillai's trace = 0.182, F6•39 = 1.45, 
P = 0.22). Considering together the eye area (AE)' expression of 
NKA~l in the intestine, pectoral fin length (LF)' expression of 
HblX, and expression of ARIX, we found a significant multivariate 
effect for the total length (LT) (Pillai's trace = 0.470, FS,43 = 7.64, 
P < 0.001), biomass of adult parasites (pillai's trace = 0.678, FS,43 
= 18.14, P < 0.001), and ll-KT treatment (Pillai's trace = 0.429, 
FS,43 = 6.46, P < 0.001). There was no multivariate effect with 
respect to the infection state (Pillai's trace = 0.061, FS,43 = 0.55, P 
= 0.73) and interaction between the infection state and the ll-KT 
treatment (Pillai's trace = 0.077, FS.43 = 0.71, P = 0.62). 
Variation in eye area (AE) was best explained by total length 
(r;emipartial = 0.47, P < 0.0001) (model: SS = 26653.30, df = 3, F = 
19.42, P < 0.0001, R2 = 0.54). Variation in expression of FWO 
was best explained by infection state (r;emipartial = 0.09, P = 0.(')24) 
(model: SS = 9.89, df = 4, F = 3.18, P = 0.022, R2 = 0.21). The 
uninfected eels had 1.5 times the level of FWO gene expression of 
the infected eels (Fig. la). The candidate model, i.e., total mass, 
infection state, ll-KT treatment and interaction between the 
infection state, and the ll-KT treatment, for explaining variation 
in expression of NKA~l in gills was not significant (model: SS = 
~' . 2.35, df = 4, F = 2.00, P = 0.11, R = 0.14). The candIdate 
model, i.e., total length, biomass of adult parasites, and ll-KT 
treatment, for explaining variation in expression ofNKA~l in the 
intestine was not significant (model: SS = 1.58, df = 3, F = 1.59, 
P = 0.20, R2 = 0.09). Variation in expression of NKCCla was 
best explained by 11-KT treatment (r;emipartial = 0.24, P = 0.0003) 
(model: SS = 5.11, df = 4, F = 4.28, P = 0.005, R2 = 0.27). Eels 
that received no injections had a NKCCla gene expression level 
that was 1.6 times higher than that of ll-KT-treated eels 
(Fig. 2a). 
Variation in gut mass (MGu, log-transformed data) was best 
explained by ll-KT treatment (r;emiPartial = 0.13, P = 0.006) and 
infection state (r;emipartial = 0.07, P = 0.035) (model: SS = 0.24, df 
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Infected eels 
No inj. (N = 20) 
190.2 ± 21.8 (141.0-246.0) 
12.2 ± 1.1 (9.9-14.5) 
1.97 ± 0.89 (0.95-3.74) 
1.40 ± 0.50 (0.64--2.35) 
6.66 ± 0.61 (5.26-8.23) 
2.72 ± 0.54 (1.60-3.92) 
0.849 ± 0.293 (0.418-1.740) 
0.982 ± 0.295 (0.567-1.491) 
87.5 ± 17.8 (58.7-126.8) 
0.145 ± 0.010 (0.128--0.163) 
20.3 ± 0.9 (18.0-22.3) 
5.2 ± 0.2 (4.8-5.7) 
0.961 ± 0.168 (0.646-1.183) 
1.123 ± 0.230 (0.861-1.775) 
3.35 ± 1.61 (0.96-6.24) 
2.35 ± 0.97 (0.79-4.82) 
4.54 ± 3.10 (0.00-9.92) 
Total (N = 37) 
191.4 ± 26.3 (141.0-248.8) 
12.1 ± 1.3 (9.0-14.5) 
1.95 ± 0.94 (0.00-4.05) 
1.40 ± 0.45 (0.64--2.35) 
6.56 ± 0.53 (5.26-8.23) 
2.51 ± 0.50 (1.60-3.92) 
0.794 ± 0.252 (0.418-1.740) 
0.916 ± 0.288 (0.529-1.616) 
88.8 ± 18.7 (58.2-131.7) 
0.144 ± 0.013 (0.119-0.171) 
20.5 ± 1.4 (17.5-23.8) 
5.2 ± 0.3 (4.5-6.1) 
0.931 ± 0.208.(0.501-1.347) 
1.060 ± 0.209 (0.827-1.775) 
3.60 ± 1.78 (0.96-7.36) 
2.05 ± 0.85 (0.68-4.82) 
3.71 ± 2.83 (0.00-9.92) 
= 4, F = 3.87, P = 0.008, R2 = 0.24). Since the difference between 
logs is the log of the ratio, the ratio of the mean MGU of ll-KT-
treated eels (mean MGU[ll-KTj) to that of eels that received no 
injections (mean MGU[no inj.J) was calculated, after reciprocal 
transformation of the data, as mean MGU[ll-KT]/mean MGU[no inj.] 
= lolog(mean MGUIll.KTI)-log(mean MGulnoinJ.l) = 10-0.138+0.032 = 0.78. 
This corresponds to a decrease in size of 22% on average between 
eels that received no injections and ll-KT-treated eels (Fig. 2b). 
The ratio of the mean MGU of infected eels to that of uninfected 
ones was 0.83. This corresponds to a decrease in size of 17% on 
average between uninfected and infected eels (Fig. 1 b). 
Variation in pectoral fin length (LF) was best explained by total 
length (r;emipartial = 0.49, P < 0.0001) (model: SS = 78.73, df = 3, 
F = 23.02, P < 0.0001, R2 = 0.58). Variation in total mass (MT) 
was best explained by total length (r;emipartial = 0.77, P < 0.0001) 
(model: SS = 0.45, df = 4, F = 55.62, P < 0.0001, R2 = 0.85). 
Variation in liver mass (Md was best explained by total mass 
(r;emipartial = 0.40, P < 0.0001) and infection state (r;emipartial = 
0.05, P = 0.015) (model: SS = 1.55, df = 4, F = 16.97, P < 
0.0001, R2 = 0.58). The ratio of the mean MLof infected eels to 
that of uninfected ones was 1.15 for a fixed total mass of 85.7 g 
(see Table III), which corresponds to an increase in size of 15% on 
average between uninfected and infected eels (Fig. 1c). Variation 
in expression of HblX was best explained by biomass of adult 
parasites (r;emiPartial = 0.29, P < 0.0001) and total length (r;emipartial 
= 0.12, P < 0.0001) (model: SS = 84.08, df = 3, F = 19.00, P < 
0.0001, R2 = 0.53). The biomass of adult parasites had a positive 
influence on the expression level of the HblX (b = +2.50, Fig. 3a). 
Variation in expression of ARIX was best explained by ll-KT 
treatment (r;emipartial = 0.24, P < 0.0001), biomass of adult 
parasites (r;emipartial = 0.12, P = 0.002), and total length (r;emipartial 
= 0.11, P = 0.003) (model: SS = 17.04, df = 3, F = 14.10, P < 
0.0001, R2 = 0.46). For a fixed total length of 390 mm (see 
Table III) and a fixed biomass of parasites of 306 mg (mean value 
for all eels, including uninfected ones), eels that received no 
injections had a ARIX gene expression level that was 1.8 times 
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higher than that of ll-KT-treated eels (Fig. 2c). The biomass of 
adult parasites had a positive influence on the expression level of 
the ARex (b = +0.78, Fig. 3b). Variation in expression of activin B 
was best explained by 11-KT treatment (r;emipartial = O.ll, P = 
0.015) (model: SS = 76.38, df = 4, F = 2.92, P = 0.030, R2 = 
0.19). Eels that received no injections had an activin B gene 
expression level that was 3.8 times higher than that of II-KT-
treated eels (Fig. 2d). 
DISCUSSION 
Our results showed that the biological characteristics of the eels 
were different between times of infection and necropsy. Signifi-
cant differences in total mass and condition factor were suspected 
to be a consequence of starvation. Significant difference in total 
length was likely due to caudal fin damage in some eels. The other 
results confirmed the progress of the silvering process of the 
experimental fishes. 
Surprisingly, the steroid treatment had almost no effect on the 
silvering process. Only gut mass was negatively influenced by 11-
KT injections, thus revealing an effect of the androgen on the 
degeneration of the alimentary tract. We even found that the 
steroid treatment had adverse effects on the expression of the 
NKCCla, ARex, and activin B genes. This appears to contradict the 
results obtained by Rohr et a!. (2001) in short-finned female eels. 
These authors showed that 11-KT -treated eels had a significant eye 
enlargement, a thicker dermis, an epidermis with fewer, or no, 
mucous cells (adaptation that improves hydro-dynamism), and a 
larger heart, liver, and gonads. Olivereau and Olivereau (1985) 
obtained similar results in male European eels treated with the 
synthetic androgen 17ex-methyltestosterone. Our results indicate 
that ll-KT is inefficient for inducing silvering-related changes in 
male European eels. Methodological differences, such as the 
quality of the hormone used or the administration method, seem 
unlikely to explain this finding, since we found that the treatment 
had a significant effect on the sex ratio of the parasite (Fazio, 
Mone, Mouahid, and Sasal, 2008). Stress caused by repeated 
handling, anesthesia, and injection may have counterbalanced the 
effect of the steroid treatment. 
We showed that A. crassus infection had an effect on 5 
silvering-related parameters of the 12 tested. Moreover, the 4 
aspects of the silvering process were affected in infected eels. First, 
adaptation to the marine environment was affected by changes in 
FWO gene expression. Second, growth cessation coincides with 
changes in gut mass. Third, preparation for the spawning 
migration begins with changes in liver mass and Hbex gene 
expression. Fourth, sexual maturation is initiated by changes in 
ARex gene expression. An important point is the way in which 
these parameters were influenced, i.e., the liver mass, and the 
expression of the Hbex and ARex genes were higher in infected eels, 
whereas the expression of the FWO gene and the gut mass were 
lower in infected eels. The former variables are believed to 
increase during silvering, while the latter ones decrease. Accord-
ingly, our results suggest that infected eels were at a more 
advanced stage in the silvering process than the uninfected 
individuals. This finding is quite surprising at first glance. Indeed, 
we expected an increase in expression of the Hbex gene as a result 
of the blood feeding behavior of the nematode and a delay, even 
an inhibition, of the entire silvering process because of the 
energetic cost of parasitism. Nevertheless, this is in agreement 
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with the up-regulation of the deep-sea rod opsin gene that we 
previously observed in wild infected eels (Fazio, Mone, Lecomte-
Finiger, and Sasal, 2008). Similar effects have been observed with 
pollutants in female silver eels. For example, experimental 
cadmium exposure was found to strongly stimulate the pitui-
tary-gonad-liver axis of eels that had matured sexually under 
artificial conditions, leading to early and enhanced vitellogenesis 
(Pierron et a!., 2008). Another study, using eels artificially 
stimulated to sexual maturation, revealed that the smallest and 
youngest silver-stage eels obtained following hormonal treatment 
were those migrating from the location that displayed the lowest 
water quality (in terms of organic matter and mineral pollution) 
and highest A. crassus prevalence (93%) (Durif et a!., 2006). 
We suggest 2 hypotheses to explain advanced silvering state in 
infected eels, a physiological one (parasite side-effect) and an 
evolutionary one (host response). First, A. crassus infection could 
alter the physiological mechanisms involved in the silvering, as a 
by-product of the infection. One mechanism eventually implicated 
would be the production of cortisol in infected eels. This hormone 
was shown to have stimulatory effects on GTH2 synthesis, which 
is 1 of the 2 pituitary gonadotropins involved in sexual 
maturation in fish (Dufour et a!., 2003). Moreover, cortisol is 
the key hormone produced during fasting, which induces the 
mobilization of lipid and protein stores and stimulates hepatic 
gluconeogenesis (Dufour et a!., 2003). Because larval stages of the 
nematode increase the cortisol level in early infection (Sures et a!., 
200 I), we hypothesize that the presence of the parasite could have 
indirect stimulatory effects on silvering mechanisms as a result of 
stress. Another possibility would be an effect of the parasites due 
to their blood feeding behavior. Erythropoiesis, which normally 
increases during silvering (Johansson et a!., 1974), would be re-
enforced in infected eels by the demand imposed by the parasites 
and may have stimulatory co-effects on eel physiology via the 
action of circulating erythropoietin (Lai et a!., 2006). 
As an alternative hypothesis, we suggest that there is an 
adjustment in life history traits of infected eels. The potential 
plasticity of the silvering duration would allow infected eels 
to accelerate their metamorphosis in order to undertake the 
reproductive migration before the energetic cost imposed by the 
parasite becomes too high (swim bladder degeneration and blood 
sucking activity of adults). Hochberg et a!. (1992) described how 
parasites could affect the timing of first reproduction by their 
hosts. They showed that hosts affected by virulent parasites and 
unable to resist by other means, i.e., by the avoidance of infection 
or an efficient immune response (Combes, 1995), would be 
favored by selection if they were able to reproduce earlier. To our 
knowledge, this idea has never been investigated in fish. However, 
empirical studies in snails and insects have shown that infected 
individuals had a significantly decreased developmental time and, 
therefore, matured sexually earlier than uninfected ones (Micha-
lakis and Hochberg, 1994). Another example is given in the snail 
Helisoma anceps, where castrated-populations of this snail due to 
larval trematode infections benefited most by reproducing at a 
smaller size (Negovetich and Esch, 2008). Such a response in 
European eels clearly remains to be demonstrated, as much as its 
putative origin, i.e., phenotypic plasticity or genetic determinism. 
However, the absence of an efficient immune response against the 
parasite (Nielsen, 1999; Nielsen and Esteve-Gassent, 2006) would 
be consistent with such a modification in life history traits. 
Questions remain regarding the potential effect of accelerated 
silvering on the European eel migration and reproductive success. 
If such a response to A. crassus infection takes its origin in the 
plasticity of the silvering process, one can reasonably assume that 
fitness of individuals would be maximized by increasing the 
probability of reaching the Sargasso Sea. However, whether or 
not accelerated silvering is a physiological effect resulting from A. 
crassus infection (larval stage-induced production of cortisol or 
blood feeding behavior of adults), it may be considered as an 
additional cost of parasitism. Indeed, accelerated silvering may 
trigger a kind of "physiological discordance" in infected eels if 
functional adaptations are set in organisms that are not able 
to physiologically "integrate" them. This may result in the 
departure, from continental waters, of silver stages of lesser 
quality and further reduce the ability to migrate and contribute to 
the future recruitment of the species. 
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CONGENITAL INFECTION OF MICE WITH TOXOPLASMA GONDIIINDUCES MINIMAL 
CHANGE IN BEHAVIOR AND NO CHANGE IN NEUROTRANSMITTER CONCENTRATIONS 
David Goodwin, Terry C. Hrubec*, Bradley G. Klein, Jeannine S. Stroblt, Stephen R. Werre, Qian Han:j:, Anne M. Zajac, and 
David S. Lindsay§ 
Department of Biomedical Sciences and Pathobiology, Virginia-Maryland Regional College of Veterinary Medicine, Virginia Tech, Blacksburg, 
Virginia 24061-0342. e-mail: lindsayd@vt.edu 
ABSTRACT: We examined the effect of maternal Toxoplasma gondii infection on behavior and the neurotransmitter concentrations of 
congenitally infected CD-l mice at 4 and 8 wk of age when latent tissue cysts would be present in their brains. Because of sex-associated 
behavioral changes that develop during aging, infected female mice were compared with control females and infected male mice were 
compared with control males. Only the short memory behavior (distance between goal box and first hole investigated) of male mice 
congenitally infected with T gondii was significantly different (P < 0.05) from that of uninfected control males at both 4 and 8 wk by 
using the Barnes maze test. The other parameters examined in the latter test, i.e" functional observational battery tests, virtual cliff, 
visual placement, and activity tests, were not significantly different (P > 0.05) at 4 and 8 wk. Concentrations of neurotransmitters and 
their metabolites (dopamine; 3,4-dihydroxyphenylacetic acid; homovanillic acid; norepinephrine; epinephrine; 3-methoxy-4-
hydroxyphenylglycol; serotonin; and 5-hydroxyindoleacetic acid) in the frontal cortex and striatum were not different (P > 0.05) 
between infected and control mice at 8 wk of age. The exact mechanism for the observed effect on short-term memory in male mice is 
not known, and further investigation may help elucidate the molecular mechanisms associated with the proposed link between 
behavioral changes and T gondii infection in animals. We were not able, however, to confirm the widely held belief that changes in 
neurotransmitters result from chronic T gondii infection of the brain. 
Toxoplasma gondii is an obligate intracellular protozoan 
parasite that infects most warm-blooded animals. The parasite 
has a heteroxenous life cycle, with felids serving as the only 
known definitive host. Rodents in particular have been studied 
extensively as intermediate hosts of T. gondii because they serve as 
a model for human infections and are commonly preyed upon by 
felids, Transmission of infection to the intermediate host can 
occur naturally in 1 of 3 ways, i,e" by ingestion of sporulated 
oocysts, by ingestion of tissue cysts, or by congenital transmission 
of tachyzoites, Transmission by the latter route may occur if a 
pregnant female acquires a primary T. gondii infection, allowing 
widespread bodily dissemination and infection of the fetus, 
Congenital T. gondii infections are manifested in several ways. 
Clinical outcomes of infection can range from spontaneous 
abortions to only very mild symptoms in the offspring that are 
not apparent until later in life (see Jones et aI., 2001). Severe 
developmental defects, including intra-cerebral calcification, 
hydrocephalus, and retinocorditis, may result from congenital 
toxoplasmosis, This wide range of symptoms results from several 
factors, The most important aspect is when fetal infection occurs 
during pregnancy. If the fetus is infected early in development, the 
outcome is more severe (Jones et aI., 2001). Fetal infection early in 
pregnancy occurs at a lower frequency than infection later in 
pregnancy, Conversely, fetal infection later in pregnancy usually 
results in less severe disease and a more favorable outcome, 
Recent findings based on atypical T. gondii genotypes suggest, 
however, that human congenital tOJ!oplasmosis may be more 
complex than previously appreciated (Lindsay and Dubey, 2011). 
Many mental illnesses associated with cognitive impairments 
have no known etiology. It is believed that genetic and 
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environmental factors contribute to the development of several 
mental health disorders associated with cognitive problems, 
Suspected environmental factors include exposure to infectious 
agents such as T. gondii, Chronic postnatal T. gondii infections 
have been correlated with human behavioral changes (see Webster 
and McConkey, 2010). Rodents infected postnatally with T. 
gondii and tested after the infection has become chronic exhibit 
increased open field activity, decreased exploration, and loss of 
neophobia (Hutchinson et aI., 1980; Hay et aI., 1984; Webster et 
aI., 1994; Vyas et aI., 2007). People with mental health disorders 
associated with cognitive dysfunction have been shown to have a 
decreased intelligence quotient, decreased rate of learning, and 
difficultly interacting with society, and they may have memory 
impairment. The dopamine hypothesis, as a potential cause of 
cognitive deficits, proposes that hyperfunction of dopamine 
neurotransmission is involved in changes in prefrontal cortex-
associated functions such as the rate of learning and memory, 
Consistent with the. dopamine hypothesis, chronic toxoplasmosis 
has been reported to increase levels of dopamine in mice (Stibbs, 
1985). Many of the behavioral changes in mice are similar to 
behavioral changes observed in humans living with cognitive 
impairments. 
Stress experienced in utero (McClellan et aI., 2006) also is 
currently being investigated as a potential environmental cause of 
cognitive impairments, Retrospective studies using archived 
maternal blood samples revealed that a significant number of 
offspring that developed schizophrenia, often associated with 
cognitive impairment, had been exposed to T. gondii infection in 
utero (Brown et aI., 2005), It also has been suggested that 
maternal exposure to T. gondii infection is a risk factor for the 
development of psychoses other than schizophrenia (Brown et aI., 
2005; Mortensen et aI., 2007; Xiao et aI., 2009). Based on the 
aforementioned findings, we hypothesized that congenital T. 
gondii infection will result in exploratory, learning and memory, 
sensory, and motor behaviors that are significantly different 
between infected and uninfected mice and that dopamine levels 
also will be higher in infected mice, Because the onset of many 
mental illnesses is observed in late adolescence or early adult-
hood (Jablensky, 1997; McGorry et aI., 2010), we examined 
congenitally T. gondii-infected mice pre- and post-sexual maturity 
to determine whether their behavior was different from uninfected 
age- and sex-matched controls. We also examined the effect of 
congenital toxoplasmosis on the concentration of dopamine, 
serotonin, and their catabolites and metabolites to determine 
whether significant changes occurred in the production or turn-
over of these neurotransmitters. 
MATERIALS AND METHODS 
Congenital infections 
In total, 80 female and 40 male 5-wk-old CD-I mice were used to 
produce the congenitally infected offspring used in this study. Food and 
water were given ad libitum for the duration of the experiment. The 
Institutional Animal Care and Use Committee at Virginia Tech approved 
the study. Because the experiment examined congenital transmission of T 
gondii infections, surrogate females (dams) were used to eliminate negative 
effects of T gondii infection on maternal parenting and lactation. Mice 
were acclimated to cages for 9 days. Eighty female mice were randomly 
allocated into 3 groups: 20 T gondii-infected pregnant females, 20 non-
infected-pregnant females (negative controls), and 40 surrogates. The 
surrogate dams were used for both T gondii-infected mice and non-
infected negative control mice. Two females were co-housed with I male, 
and the females were examined every morning for the presences of a 
vaginal plug. Plug-positive females were removed, and this day was 
considered day 0 of pregnancy for the dams. 
Experimental groups contained 20 control (not infected with T gondii) 
and 20 T gondii-infected pregnant dams. Control mice received 500 ~I of 
Hanks' balanced salt solution (HBSS; Cellgro, Mediatech, Manassas, 
Virginia) orally on day I I of pregnancy. Toxoplasma gondii-infected mice 
received 30 VEG tissue cysts (T gondii genotype III) orally in 500 ~I of 
HBSS on day I I of pregnancy. These cysts were collected from the brains 
of chronically infected CD-I mice. All experimental dams (control and 
infected mice, but not surrogates) were killed after parturition, and their 
pups fostered to an age matched surrogate dam whose pups had been 
removed. 
Pups were handled regularly pre- and post-weaning to acclimate them to 
handling. Pups were weaned at 3 wk of age. This age was chosen because 
maternal immunoglobulin G disappears in the pups after 3 wk (Whitelaw 
and Urquhart, 1985). Mice were bled and ear notched for identification at 
3.5 wk of age. Their sera were examined for T gondii antibodies at a 1:50 
dilution by using the RH strain of T gondii as antigen and immunofluo-
rescent antibody (IF A) test procedures routinely used in our laboratory 
(Lindsay et aI., 1990). This procedure established the infection status of 
pups and the percentage of transmission for pups born to infected females. 
Five seropositive mice of the same sex born to each infected mother, and 5 
seronegative mice of the same sex born to each HBSS-treated mother were 
saved for behavioral testing. All behavioral assessments were made blind 
to treatment groups. Behaviors were examined at 4 and 8 wk because T 
gondii tissue cysts are present in the brain at that time (Dubey, 1997). 
At the end of the experiment, each mouse used for 8-wk Barnes maze 
testing was killed by cervical dislocation for brain dissections and 
neurotransmitter measurements. The remaining mice were killed by CO2 
asphyxiation, and the brain from I mouse in each group was used for 
frontal cortex brain smears to determine the .. p,resence of T gondii tissue 
cysts. 
Barnes maze apparatus and testing 
The Barnes maze is a spatial memory and learning test. The maze is used 
to examine short-term memory, acquisition of tasks, open field activity, 
and exploratory activity (Bach et aI., 1995). The Barnes maze apparatus 
consisted of a circular Plexiglas platform (90 cm in diameter) with 16 holes 
(each 5 cm in diameter) equally spaced around the perimeter,S cm from 
the edge, and 10.5 cm from each other (Fig. I). The maze was mounted on 
a stand 91.5 cm from the floor. There were 2 locations, 1800 apart, for an 
escape box (19 X 9 X 7.5 cm [length X width X height]) to be mounted 
underneath a hole by a drawer mechanism. Visual cues were set up 
approximately 20 cm above and 45-50 cm from the horizontal edge of the 
circular maze. Cues were positioned in such a way as to not be identifiable 
with a specific hole. Video imaging equipment was set up approximately 
GOODWIN ET AL.-CONGENITAL T. GONOII AND BEHAVIOR 707 
FIGURE I. Barnes maze apparatus (arrow = goal box) used to examine 
mouse behavior. (A) Beginning of the test with mouse in the start box in 
the center of the maze. (B) Mouse demonstrating inactive time. (C) Mouse 
investigating a wrong hole. (D) Mouse entering the goal box. 
149 cm above and 12 cm from the horizontal edge of the circular maze. 
The maze was set in the corner of a room, with a black curtain used for the 
other 2 walls. The corner of the room had white walls with black cues 
taped to the wall. The other 2 sides were black and had white cues 
attached to the curtain. The black curtain was positioned to block the 
experimenter from view. A 150-W light was suspended 106 em, almost 
directly above the center of the circular platform and a fan (Massey 8-inch 
high-velocity personal fan, Massey, Bentonville, Arkansas) was placed 
68.5 cm above the maze pointed directly down at the center of the maze. 
The light and fan served as 2 forms of adverse stimuli. At the start of each 
trial, a mouse was placed in the center of the platform in a square start 
chamber (8.8 cm in diameter and 8.1 cm in height). 
Each mouse was randomly assigned, by a coin toss, to I of the 2 escape 
box locations; the escape box locations remained the same throughout the 
testing period. Testing was conducted daily for 7 days. On day I, each 
mouse was placed on the maze for 30 sec, without aversive stimuli and 
then physically placed in its designated goal box for I min. On day I, the 
mice underwent training consisting of 2 test trials through the maze. On 
days 2-5, the testing consisted of 2 consecutive trials followed by a third 
trial after 3-4-hr rest. On the 6th and 7th days, each mouse was evaluated 
twice and once, respectively, totaling 17 trials per mouse. 
For each trial, the mouse was placed in the center of the platform in a 
start chamber (Fig. IA). Once placed on the platform, the fan and light 
were switched on and the mouse was kept in the start chamber for 10 sec. 
After 10 sec, the start chamber was lifted and the trial began. The trial 
ended once the mouse entered the goal box (forelimbs only, or both 
forelimbs and hind limbs), located the goal box (4 consecutive nasal 
investigations), or after a trial time of 5 min without entry or location of 
the goal box. When the mouse entered the goal box, the trial was stopped 
and the fan and light were turned off. If the mouse had located the goal 
box but did not enter, the trial was stopped, the mouse was then guided 
into the goal box, and the fan and light were turned off. If the mouse did 
not locate or enter the goal box after 5 min, the trial was stopped, the 
mouse was placed into the goal box, and the fan and light were turned off. 
After 30 sec in the goal box, the mouse was returned to its home cage. 
After a 3-5-min waiting period, the mouse was placed on the platform for 
the second daily trial. After the third trial, the mouse was returned to its 
home cage until the next day's session. The maze and goal box were 
cleaned with 70% ethanol after every trial. 
Each trial was recorded digitally and then viewed at a later date for 
quantitative analysis. Video equipment consisted of a DCR-TRV530 
digital 8 camcorder (Sony, Tokyo, Japan) connected via a Firewire cable 
to a Mac G (Apple Computer, Cupertino, California). Imovie (Apple 
Computer) was used to capture and save each trial. QuickTime® media 
player (Apple Computer) was used to view the video files. 
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TABLE 1. Behavioral parameters measured and results* of the Barnes maze test for 4-wk-old and 8-wk-old female and male congenitally Toxoplasma 
gondii-infected mice and non-infected controls. 
Behavior Description Result 4 wk Result 8 wk 
Inactive time 
Short memory 
Distance 
Errors 
Activity 
Initial period of inactivity in maze center when trial starts 
Distance between goal box and first hole investigated 
Females only* 
Males only* 
No difference 
Males only* 
Distance traveled to goal or reached by expiry of observation period 
Visitation to a hole other than the goal box hole 
No difference 
No difference 
No difference 
No difference 
Random search strategy 
Latency 
No. of holes visited/active time (overall time minus inactive time) 
Passing through center of maze or skipping >4 holes 
No difference 
No difference 
No difference 
Females only* 
Time elapsed from start to finish of trial No difference No difference 
Task acquisition Direct route to goal box with errors oS2 in 3 of 4 trials on 2 consecutive days No difference No difference 
* Results were significantly different (P oS; 0.05). 
Barnes maze behavioral measures (Table I)were viewed and graded by 
I person (D.G.G.) who was blinded to the treatment status of the mice. 
The recorded videos were scored on inactive time, memory (distance to 
goal), distance, activity, random search strategy (center crossings), and 
latency. 
Inactive time was the amount of time a mouse remained motionless in 
the center of the maze at the beginning of the trial. Inactive time is the 
amount of time required for a mouse to initially assess its environment. 
Short-term memory was assessed by the distance between the goal box and 
the first hole investigated. For example, if the first hole was adjacent to the 
goal box then the distance to goal value was recorded as 1. Short-term 
memory is indicative of how well the mouse recognized its surrounding 
and remembered where the goal box was positioned (Bach et aI., 1995). 
Distance was defined as how far the mouse traveled either before finding 
the goal box or the distance traveled during the 5-min observation time if 
the mouse was not successful in finding the goal box. Errors were recorded 
as the visitation to a hole other than the goal hole (Fig. I C). Activity was 
calculated by the number of holes investigated divided by the active time 
(active time is overall time minus the inactive time) and defined as the 
amount of time spent investigating or exploring each hole. Random search 
strategy (center cross) (Fig. IB) was defined as passing through the center 
of the maze, skipping more than 4 holes when traveling from hole to hole, 
or walking into the center of the maze and back out again. Random search 
strategy is a precursory approach where the mouse randomly searches for 
the goal box without a well-defined strategy. Acquiring the task was 
defined by a direct route to the goal box with errors oS2 in a trial. A mouse 
was considered to have acquired the task (learned the maze) if 3 of 4 trials 
on 2 consecutive days were successful at any point during the 7-day trial 
period (Fig. ID). Latency was the time elapsed from trial start to finish. 
The Barnes maze test was used to test 6 seronegative female mice, 8 T. 
gondii-infected female mice, 7 seronegative male mice, and 7 T. gondii-
infected male mice at the 4-wk time point. At the 8-wk time point, 5 
seronegative female mice, 7 T. gondii-infected female mice, 6 seronegative 
male mice, and 7 T. gondii-infected male mice were tested with the Barnes 
maze. 
Functional observation battery (FOB) tests 
FOB tests are designed to detect physiological changes, coordination, 
and startle and menace responses in mice ~Moser et aI., 1988; King et aI., 
2003). The specific physiologic parameters evaluated are listed in Table II. 
All of these parameters were graded on a "yes" or "no" scale. 
Coordination was measured using 2 tests, i.e., the righting reaction test 
that tests the mouse's ability to right itself when placed on its back, and 
the rod test to see how well the mice hold onto a wooden rod. FOB tests 
also examined menace response by placing a pencil approximately 1-2 em 
from the face of the mouse. If the mouse looked or turned away, then the 
mouse was scored with a "no", for no menace response. If the mouse acted 
aggressively to the pencil end, the mouse was scored as a "yes", i.e., the 
mouse acts menacingly to an object. 
FOB tests used 9 seronegative female mouse litters, 4 T. gondii-infected 
female mouse litters, 8 seronegative male mouse litters, and 5 T. gondii-
infected male mouse litters for the 4-wk time point. At the 8-wk time 
point, 7 seronegative female mouse litters, 8 T. gondii-infected female 
mouse litters, 7 seronegative male mouse litters, and 7 T. gondii-infected 
male mouse litters were used for FOB testing. 
Visual placement 
Vision and coordination were evaluated by holding the mouse by its tail 
so that its head was 3.5-5 em from the edge of the countertop and 
approximately 2.5 em below the surface of the countertop. This stance 
encourages the mouse to reach up and out to the countertop to keep from 
dangling upside down (Fox, 1965). The mouse was then scored on a 3-
point scale, i.e., (0) the mouse made no attempt to reach out, (1) the mouse 
attempted to reach out but could not grab the edge of the table, and (2) the 
mouse reached out and grabbed the edge of the table. 
The visual placement test used 9 seronegative female mouse litters, 4 T. 
gondii-infected female mouse litters, 8 seronegative mouse male litters, 
and 5 T. gondii-infected male mouse litters for the 4-wk time point. At the 
8-wk time point, 7 seronegative female mouse litters, 8 T. gondii-infected 
female mouse litters, 7 seronegative male mouse litters, and 7 T. gondii-
infected male mouse litters were used for visual placement testing. 
Virtual cliff 
The virtual cliff (Adams et aI., 2002) consisted of a box (38 X 38 X 
38 cm) with a Plexiglas top surface that was half clear and half opaque. 
The virtual cliff was positioned 38 em off the bottom of the box. Mice 
were placed in the center of the cliff with 1 front and hind limb of I side of 
the body on the clear portion and the contralateral limbs on the opaque 
portion. Mice were tested 3 times, and the initial position remained 
constant. Mice were scored depending on the side of the Plexiglas to which 
they traveled; a score of I was assigned for the clear side and a score of 2 
for the opaque side. 
The virtual cliff test used 9 seronegative female mouse litters, 4 T. 
gondii-infected femafe mouse litters, 8 seronegative male mouse litters, 
and 5 T. gondii-infected male mouse litters for the 4-wk time point. At the 
8-wk time point, 7 seronegative female mouse litters, 8 T. gondii-infected 
female mouse litters, 7 seronegative male mouse litters, and 7 T. gondii-
infected male mouse litters were used for virtual cliff testing. 
Rearing and open field activity 
Rearing tests look specifically at exploration of novel environments 
(Rutchinson et aI., 1980). Four mice from each litter were individually 
placed in a box (20 X 42 em) for 5 min. The number of times a mouse 
TABLE II. Parameters evaluated in the functional observation battery 
(FOB) tests'* 
Open field ataxia 
Tremors/convulsions 
Posture 
Coat condition 
Tail condition 
Respiration 
Vocalization 
Diarrhea 
Soft stool 
Fecal stain 
Urine stain 
Salivation 
Nasal discharge 
Oral discharge 
Lacrimation 
Ocular discharge 
Corneal bulging 
Partially closed eyes 
Piloerection 
Dehydration 
Protruding penis 
Cool to touch cyanosis 
Weight gain or loss 
Activity 
* None of these measured parameters was significantly different (P < 0.05). 
reared or lifted its forelimbs off the ground in an exploratory manner was 
counted. The box was cleaned with 70% ethanol between each mouse 
tested. The rearing test was not conducted at 4 wk. The rearing test used 6 
seronegative female mouse litters, 9 T gondii-infected female mouse 
litters, 6 seronegative male mouse litters, and 7 T gondii-infected male 
mouse litters for the 8-wk time point. 
Open field activity testing was carried out using a Photo beam Activity 
System (San Diego Instruments, San Diego, California) and a clear cage 
(20 X 42 em). The cage had a metal halo that surrounded the perimeter of 
the box, with 3 laser beams that were evenly spaced 10 em apart, dividing 
the box into 4 evenly spaced sections (20 x 10 em). When the mouse 
moved from I quadrant to another quadrant, the laser beam was broken. 
A record of the beam breaks was recorded onto the computer. Mice were 
left in the open field for 5 min, while beam breaks were recorded. The 
computer measured ambulations and beam breaks. The box was cleaned 
with 70% ethanol between each mouse tested. Ambulations were recorded 
as movement of a mouse through at least 3 of the 4 quadrants without 
back tracking. Beam breaks occurred when the mouse broke the beams in 
a non-successive order, indicating non-specific activity in the box. 
The open field activity test was not conducted at 4 wk. The test used 7 
seronegative female mouse litters, 7 T gondii-infected female mouse 
litters, 7 seronegative male mouse litters, and 7 T gondii-infected male 
mouse litters for the 8-wk observation time point. 
Neurotransmitter determinations 
Mice that completed the 8-wk Barnes maze test were used for 
neurotransmitter isolation and determination. The whole brain was 
removed and placed on ice and then cut in half along the sagittal plane. 
The striatum from both the right and the left hemispheres was removed 
and placed into a microfuge tube on ice. The frontal cortex from the right 
hemisphere was removed and placed in a microfuge tube on ice. The tissue 
was then weighed and 6 times the weight/volume of isoproterenol buffer, 
pH 4.7, was added to the tissue for preservation of neurotransmitters. The 
brain tissue was then homogenized on ice followed by micro-centrifuga-
tion at 4 C for 10 min at 15,000 g. The supernatants were stored at -80 C 
until analysis by high-performance liquid chromatography (HPLC) was 
conducted. Striatal and cortical samples were analyzed for dopamine and 
its metabolites 3,4-dihydroxyphenylacetic acid and homovanillic acid. In 
addition, norepinephrine, epinephrine, and the metabolite 3-methoxy-4-
hydroxyphenylgiycol and serotonin and its metabolite 5-hydroxyindoleacetic 
acid were analyzed. 
Samples were examined in an 1100 Series HPLC (Agilent Technologies, 
Wilmington, Delaware) equipped with a degasser, a quaternary pump, and 
a refrigerated auto sampler (set at 4 C) connected to a 2465 
electrochemical detector (Waters, Milford, Massachusetts). A CI8 column 
(Pyramid EC 250 X 4 mm i.d., 3 Jlffi; Macherey Nagel Bethlehem, 
Pennsylvania) was used with a flow rate of 0.7 ml/min. Column 
temperature was maintained at 35 C. The mobile phase composition 
was 5% methanol in aqueous sodium acetate (50 mM), citric aeid 
(12.5 /lM), EDTA (134 /lM), octane sulfonic acid (230 /lM), and sodium 
chloride (2 mM), pH 4.7. Isoproterenol (1 /lM) was used as the internal 
standard, and calibration curves of each neurotransmitter and metabolite 
were prepared using solutions of 10, 50, 100, 250, and 500 nM. 
Brain smears 
One mouse from each litter was examined for the presence of tissue cysts 
at the termination of the experiment. The cranial cavity of the mouse was 
opened, and approximately 0.1 g of the frontal cortex was removed, placed 
on a slide, crushed with a coverslip (22 x 22 mm2), and examined at x20 
using a BX60 microscope (Olympus, Tokyo, Japan) for the presence or 
absence of tissue cysts. 
Data analysis 
Transmission rates were compared between males and females by using 
logistic generalized estimating equations (GEEs; proc genmod). The linear 
model specified pup sero-status (positive vs. negative) as the outcome, sex 
as the predictor, logit as the link function, and binomial as the 
distribution. To request GEEs, dam IDs were specified as the clusters 
with an exchangeable working correlation matrix. P values were based on 
type 3 Wald statistics. Sex ratios were compared between treatment groups 
by using the Wilcoxon rank sum test (proc nparlway). 
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Scatter plots for outcome against trial number showed that latency, 
active time, and distance and errors followed an exponential decay. 
Subsequently, half-lives were generated for each of the 4 outcomes (for 
each mouse). The half-lives were then compared between the treatment 
groups using the Wilcoxon rank sum test. For outcomes that were slightly 
skewed (inactive time, distance to goal, activity, and center crosses), the 
treatment groups were compared using linear GEEs. The linear model 
specified behavioral measure as the outcome, treatment as a predictor, 
identity as the link function, and normal as the distribution. To request 
GEEs, mouse IDs were specified as clusters with an exchangeable working 
correlation matrix. P values were based on the type 3 Wald statistics. 
Only scores 2 and I were observed and recorded in the visual placement 
study. Accordingly, the treatment groups were compared using logistic 
GEEs (proc genmod). The linear model specified score as the outcome, 
treatment as a predictor, logit as the link function, and binomial as the 
distribution. To request GEEs, dam IDs within treatment were specified as 
the clusters with an exchangeable working correlation matrix. P values 
were based on the type 3 Wald statistics. 
The treatment groups were compared using logistic GEEs (proc 
genmod). The linear model specified FOB test as the outcome, treatment 
as a predictor, logit as the link function, and binomial as the distribution. 
To request GEEs, dam IDs within treatment were specified as the clusters 
with an exchangeable working correlation matrix. P values were based on 
the type 3 Wald statistics. 
In the virtual cliff experiment, the number of times a mouse went to the 
opaque side was used as the outcome for this section (score range, 0-3). 
After scoring, the treatment groups were compared using linear GEEs 
(proc genmod). The linear model specified score as the outcome, treatment 
as a predictor, identity as the link function, and normal as the distribution. 
To request GEEs, dam IDs within treatment were specified as clusters 
with an exchangeable working correlation matrix. P values were based on 
the type 3 Wald statistics. 
The effect of treatment on rearing was assessed using mixed model 
analysis of variance (ANOV A; proc mixed). The linear model included 
rearing as outcome, treatment as a fixed effect, and litter ID within 
treatment as the random effect. Ambulations and beam breaks were 
compared between treatments at each time point by using mixed model 
repeated measures ANOV A (proc glimmix). The linear model included 
ambulation or beam breaks as outcome, treatment as a fixed effect, and 
mouse within treatment as a random effect (G side). For the R side of the 
model, an autoregressive I correlation matrix was specified. Denominator 
degrees of freedom were specified as KenwordRoger. 
Neurotransmitter concentrations were compared between treatment 
groups using I-way ANOVA (proc mixed). The linear model specified 
neurotransmitter as outcome, treatment as a fixed effect, and residual as 
the denominator degrees of freedom. The effect of treatment on 
epinephrine was assessed. using Wilcoxon rank sum test. 
Data were analyzed using SAS version 9.2 (SAS Institute, Cary, North 
Carolina). Because initial findings demonstrated sex-associated differences 
in mouse behavior between 4 and 8 wk of age, mice were examined as 4 
groups consisting of 4-wk-old female mice, 8-wk-old female mice, 4-wk-
old male mice, and 8-wk-old male mice. Statistical significance was set to a 
cutoff of P < 0.05. 
RESULTS 
Congenital transmission 
Fifteen of 20 T. gondii-infected dams produced litters, resulting in 
8 litters of T. gondi-infected females and 7 litters of T. gondii-
infected males. Twelve of 20 control dams produced litters, resulting 
in 6 litters of female and 7 litters of males. Congenital transmission 
of T. gondii was detected by IF A testing for 14 of 15 litters, by using 
our inoculation schedule. Of the 15 litters exposed to T. gondii in 
utero, there was a transmission success of 70% for males and 74% 
for females. No statistical differences (P > 0.05) in transmission 
success were detected between males and females. Of the 12 HBSS-
treated litters, none of the litters tested positive for T. gondii. The 
male-to-female pup ratio was 1.3 for T. gondii-infected litters and 
1.0 for control litters, which is not significantly different (P > 0.05). 
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Behavior 
Barnes maze: The results of Barnes maze behavioral testing are 
summarized in Table I. 
Behavior oj" congenitally infected female mice compared with 
seronegative control females in the Barnes maze: Behavior related 
to inactive time at 4 wk was significantly different (P < 0.05) as 
was behavior related to random search strategy (P < 0.05) at 8 wk 
for congenitally T. gondii-infected female mice (Table I). At 4 wk 
of age, T. gondii-infected female mice spent 16.8 sec sitting in the 
middle of the maze compared with 6.1 sec for the female controls 
(a difference of 10.7 sec, with an SE of 5.260; P < 0.05). At 8 wk 
of age, T. gondii-infected female mice had an average of 0.13 
center crosses per trial, whereas control female mice had an 
average of 0.30 center crosses per trial (a difference of 0.17, with 
an SE of 0.081; P < 0.05). No other behavioral parameter 
measured in the Barnes maze test was significantly different (P > 
0.05) at either 4 or 8 wk in congenitally T. gondii-infected female 
mice (Table I). 
Behavior of congenitally infected male mice compared with 
seronegative control males in the Barnes maze: Behavior related to 
short-term memory at 4 and 8 wk was significantly different (P < 
0.05) for congenitally T. gondii-infected male mice (Table 1). At 
4 wk, memory as measured by the first holes investigated by T. 
gondii-infected male mice were on average a distance of 3.1 holes 
from the goal box, whereas control mice first investigated a hole 
that was on average 4.1 holes from the goal box (a difference of 1 
hole, with an SE of 0.476; P < 0.05). At 8 wk of age, the first hole 
investigated by infected male mice was 4.1 holes from the goal box 
compared with 3.0 holes for control male mice (a difference of 1.1 
holes, with an SE of 0.389; P < 0.05). No other behavioral 
parameter measured in the Barnes maze test was significantly 
different (P > 0.05) at either 4 or 8 wk in congenitally T. gondii-
infected male mice (Table I). 
Functional observation battery tests 
None of the measured parameters in the FOB tests were 
significantly different (P > 0.05) between groups (Table II). 
Virtual cliff and visual placement 
The direction of significant changes in virtual cliff parameters 
was different for males and females at 4 wk, but no significant 
differences were measured 8 wk. Congenitally infected female 
mice at 4 wk old went an average of 1.4 times to the opaque side 
compared with 1.8 times for control female mice (a difference of 
0.4, with an SE of 0.1; P < 0.05),.whereas T. gondii-infected 
males went to the opaque side of the virtual cliff significantly 
more often (P < 0.05), an average of 1.9 times compared with 
1.6 times in control male mice (a difference of 0.3, with an SE 
of 0.17). 
No significant differences (P > 0.05) between infected and 
control mice were found for male or female mice at either 4- or 8-
wk time points, when visual placement was assessed. 
Activity and rearing 
No significant differences (P > 0.05) were detected between any 
group of mice for activity (ambulations and beam breaks) or 
rearing. 
Neurotransmitter concentrations 
Neurotransmitters were only measured after the completion of 
the Barnes maze at the 8-wk time point. There were no significant 
differences (P > 0.05) in neurotransmitter or metabolite 
concentrations for either T. gondii-infected females or males 
compared with controls (data not shown). 
Brain smears 
Twelve of the 15 mice representing each infected litter tested 
positive for T. gondii via IF A. Of these 12 positive mice, 11 tested 
positive for tissue cysts in the frontal cortex. None of the mice 
from control litters tested positive for T. gondii by IF A or brain 
smear. 
DISCUSSION 
Congenital transmission rate of T. gondii 
Congenital T. gondii transmission rates varied during the course 
of pregnancy when exposure occurs (Ocampo and Duarte-
Gandica, 2010). The highest rate of maternal-to-fetal transmission 
in mice occurs between days 10 and 12 of pregnancy. A 
transmission success of 73% in the present study is comparable 
to 90% reported by others (Wang et aI., 2011). Equal transmission 
to male and female mice indicates both sexes were equally 
susceptible to congenital transmission of T. gondii. 
Behaviors 
Short-term memory, as measured by the distance of first holes 
investigated from the goal box, was the only behavior that was 
consistently significantly (P < 0.05) altered at 4 and 8 wk by 
congenital T. gondii infection in the present study, and this 
difference was observed only in male mice (Table I). However, the 
direction of this change reversed over time, making its significance 
difficult to interpret. Significant changes in inactive time behavior 
at 4 wk and random search strategy at 8 wk were observed in 
female mice, but their importance is debatable due to the lack of 
consistent findings at both 4 and 8 wk for both measured 
parameters to determine a trend in behavior. Likewise, the 
parameters measured in the virtual cliff were conflicting at 4 wk 
for male and female mice and not significantly different (P > 
0.05) at 8 wk, for male and female mice, resulting in no trend of 
behavior or change of behavior over time. This inconsistency of 
the behavior findings for virtual cliff testing brings their 
importance into question. No significant differences (P > 0.05) 
between infected and control mice were found for male or female 
mice at either 4- or 8-wk time points, when visual placement, 
activity, and rearing were assessed, indicating that these activities 
were not significantly affected by congenital T. gondii infection. 
This also suggests that our findings in the Barnes maze were not 
confounded by problems with motor behavior. 
Our results indicate that congenital infection with T. gondii was 
capable of causing sex-dependent behavioral effects in parameters 
that have been associated with learning and memory, as well as 
visual perception that were not immediately observed. However, 
inconsistencies in either the persistence of changes over time, or in 
the direction of changes from I time point to another, make the 
importance of these changes difficult to evaluate at this time. 
These changes may represent subtle effects on memory and 
perception, if not other behaviors, in infected mice, that could 
become clearer if observations were extended to a time frame both 
earlier and later than that studied here. 
Toxoplasma gondii and neurotransmitters 
Little is known about chronic T. gondii infection of the brain 
and its influence on behavior as related to alterations in 
neurotransmitters. Neurotransmitter measurements for our mice 
demonstrated no statistical difference (P > 0.05) between 
congenitally T. gondii-infected mice and seronegative controls 
for both males and females in cortex or striatum. Our findings do 
not support the study of Stibbs (1985) who reported that 
dopamine was increased by 14% for chronically post-natally T. 
gondii-infected mice compared with seronegative controls. We 
found no differences (P > 0.05) in serotonin levels, in agreement 
with the findings of Stibbs (1985). Serotonin levels are unlikely to 
differ with course of infection. This is particularly relevant 
because the immune response to T. gondii infection induces 
interferon y that releases indoleamine 2,3-dioxygenase, degrading 
tryptophan (MacKenzie et aI., 2007). This could decrease 
serotonin because tryptophan is a precursor to serotonin. The 
difference in findings for dopamine also may be attributable to us 
using a congenital model, whereas Stibbs (1985) used a post-natal 
chronic infection model for his 7-wk-old acutely and 12-wk-old 
chronically infected female mouse model. It is also possible Stibbs 
(1985) used a higher dose or a more virulent genotype of T. gondii 
for his infections, given that he did not report the dose or strain of 
T. gondii used for his study. This makes repetition of his 
experiments and interpretation of the results impossible. Results 
from Skallova et al. (2006) suggested that male mice may be more 
susceptible to subtle neurotransmitter changes than female mice; 
however, they did not examine neurotransmitter concentration in 
the brains of mice used in their study. Numerous other mouse 
behavioral studies cite Stibbs (1985) for his research demonstrat-
ing increased dopamine levels in the brains of mice chronically or 
acutely infected with T. gondii. However, Stibbs (1985) did not 
test behavior in his mice. The present study addressed these 
respective experimental deficiencies by examining both neuro-
chemical and behavioral changes. The absence of neurochemical 
changes associated with our behavioral changes suggests that 
other transmitter systems than those measured may be involved, 
e.g., an amino acid or peptide, or mechanisms other than changes 
in transmitter content or turnover are responsible. Further 
complicating the alterations in neurotransmitter argument is that 
alteration in dopamine function can manifest in changes in 
dopamine receptor numbers and receptor sensitivity, both of 
which were not included in the scope of'bur experimental design. 
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COMPARATIVE PARASITISM OF THE FISH PLAGIOSCION SQUAMOSISSIMUS IN NATIVE 
AND INVADED RIVER BASINS 
A. C. F. Lacerda, R. M. Takemoto, M. Tavares-Dias*, R. Poulint, and G. C. Pavanelli 
Research Nucleus in Limnology, Ichthyology and Aquaculture, State University of Maringa, 87020-900, Maringa, Parana, Brazil. e-mail: lacerdaacf@ 
gmail.com 
ABSTRACT: Biological invasions are considered a major threat to biodiversity around the world, but the role of parasites in this 
process is still little investigated, Here, we compared parasite infections of a host species in the areas where it originated and where it 
was introduced, and in native and introduced species in the same environment, using the endoparasites of the fish Plagioscion 
squamosissimus (Sciaenidae) in 3 Brazilian basins. Samples were taken in 2 rivers where the species is native, i.e., Solimoes River (SO) 
and Tocantins River (TO), and where the species was introduced, the upper Parana River (PR). In addition, abundances of 
diplostomids and larval nematodes were compared between P. squamosissimus and 2 native competitors in the PR, Hoplias malabaricus 
and Raphiodon vulpinus. In total, 13 species of endoparasites were recorded, but only Austrodiplostomum sp. and cestode cysts were 
present in all localities. Although infracommunity richness was similar, their species composition was slightly different among 
localities. General linear models using the relative condition factor of fish as response variables, and abundance of the most prevalent 
parasites as possible predictors showed that the condition of fish is negatively correlated with parasite abundance only in the native 
range (TO). Abundance of diplostomid eye flukes was higher in the PR, and in the native species H. malabaricus when compared to the 
invader, which might present an advantage for P. squamosissimus if they compete for prey. However, although P. squamosissimus may 
have lost some of its native parasites during its introduction to the PR, it is now possibly acting as a host for native generalist parasites. 
Invasive species are among the major factors responsible for 
biodiversity loss worldwide (Mack et aI., 2000; Rahel, 2002; 
Simberloff, 2003). Usually, the idea of invasive species is closely 
linked to the introduction of species from 1 continent to another. 
However, in the case of the freshwater biota, the translocation of 
species from a single river basin to another within the same 
continent represents a threat as well. In Brazil, 87% of 
introductions consist of fish species originating from other 
countries, whereas 13% are species transferred from other 
Brazilian basins (Agostinho et aI., 2005). This kind of introduc-
tion between basins within the same continent, where the 
introduced species are "translocated," is particularly important 
in Brazil, which has of a rich river network wherein many of the 
basins have been isolated from each other for a very long time, 
allowing the development of distinct communities. 
More than 20 species of fish have been translocated in the upper 
Parana River, located in the southeast and southern regions of 
Brazil, some intentionally, with the purpose of increasing fisheries 
diversity (Agostinho et aI., 2007). This was the case for Plagioscion 
squamosissimus (Sciaenidae), popularly known as curvina, intro-
duced in the Pardo River (Sao Paulo State), Parana River basirr, in 
the 1960s (Nomura, 1984 in Carnel6s and Benedito-Cecilio, 2002). 
This fish species is native to the Amazonas River basin, including 
the Tocantins-Araguaia sub-basin, in northern Brazil, and it is now 
the most successful introduced species in terms of abundance and 
biomass in the upper Parana River floodplain (Agostinho et aI., 
2007). The endoparasites of P. squamosissimus have been studied by 
a few researchers, focusing on 1 parasite species (Kohn et aI., 1995; 
Souza, 1998; Martins et aI., 1999, 2001; Machado et aI., 2005; 
Tavares et aI., 2007), but no effort has been made to investigate the 
parasite community and the differences in parasitism between 
basins or between native and introduced ranges. The objective of 
the present study was to compare parasitism in the fish where it 
originated and where it was introduced, testing the hypothesis that 
Received 8 June 2011; revised 24 August 2011, 16 February 2012, 26 
March 2012; accepted 2 April 2012. 
* Embrapa Amapa, 68903-419, Macapa, Amapa, Brazil. 
t Department of Zoology, University of Otago, P.O. Box 56, Dunedin 
9054, New Zealand. 
DOl: lO.1645/GE-2882.1 
713 
introduced parasites have gone through ecological bottlenecks in 
the environments where the fish is not native, leading to an 
attenuation of the parasite load (species richness, abundance, and 
effect on the host's condition factor) in the invaded environment. 
To accomplish this goal, we worked on a biogeographic scale, 
analyzing endoparasites of P. squamosissimus in 2 environments 
where the species is native, Solimoes River and Tocantins River, 
and 1 habitat where the species was introduced, the upper Parana 
River. 
In addition, in order to compare parasitism in native and 
introduced species in the same current habitats, we performed a 
community-scale study in the upper Parana River, comparing the 
abundance of diplostomid trematodes and larval nematodes and 
their influence on host condition in the introduced P. squamo-
sissimus and in 2 native fish species with similar feeding habits, 
Hoplias malabaricus (Erythrinidae) and Raphiodon vulpinus 
(Cynodontidae) (Luz-Agostinho et aI., 2008). The present effort 
represents the first study on the parasite fauna of an invasive fish 
considering native and invaded environments in Brazilian waters. 
MATERIALS AND METHODS 
Samples were obtained from 3 study areas: (I) the upper Parana River 
floodplain, Parana River basin (PR) (22°46'11"S, 53° 17'6"W); (2) Coari 
Lake, middle Solimoes River (SO), Amazonas basin (4°2'0"S, 
63°15'16"W); and (3) Lajeado reservoir, Tocantins River (TO), Tocan-
tins-Araguaia sub-basin, part of the Amazonas basin (100 66'55"S, 
48°42'36"W). Plagioscion squamosissimus is native to the latter 2 basins 
and is considered an invasive species in the upper Parana River 
(Agostinho et aI., 2007). Collections were performed in September 20081 
2009 (PR), October/2008 (SO), and October/2009 (TO). All fish were 
captured by gill nets set for 24-hr periods; they were then taken to the 
laboratory and killed by an overdose of MS-222. All fish were measured 
(standard length) and weighed, and the body condition of each individual 
was calculated using the relative condition factor proposed by Le Cren 
(1951), which is the ratio between a fish's observed weight and that 
predicted by the weight-versus-Iength regression across all fish in the 
sample. 
Each fish was opened by a ventral incision, and each organ and the 
body cavity were examined for parasites separately using a stereomicro-
scope. Helminths were removed from the organs and body cavity, fixed in 
5% formalin, and later transferred to 70% ethanol. Digeneans, cestodes, 
and acanthocephalans were stained with acetic carmine, and nematodes 
were cleared with lactophenol. Permanent slides were prepared using 
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TABLE I. Endoparasites of Plagioscion squamosissimus collected in the rivers Parana, Solimoes, and Tocantins (P = prevalence, MA = mean abundance 
± standard deviation). 
Locality Group Parasite Infection site P (%) MA± SD 
Parana (n = 35) Digenea 
Cestoda 
Nematoda 
Austrodiplostomum sp, (Iarvae)* Aqueous humour 88.6 87.51 ± 153.36 
Cysts' Mesentery 60.0 
Contracaecum sp. I (larvae) Mesentery 54.3 4.34 ± 8.86 
Contracaecum sp. 2 (larvae)t Mesentery 2.9 0.03 ± 0.18 
Acanthocephala 
Digenea 
Neoechinorhynchus sp. (larvae) Mesentery 22.9 0.40 ± 0.69 
Solimoes (n = 35) Austrodiplostomum sp. (larvae)* Aqueous humour 40.0 4.34 ± 7.79 
Brasicystis bennetti Operculum 11.4 0.97 ± 2.97 
Cysts' Mesentery 8.6 Cestoda 
Nematoda Contracaecum sp. 2 (larvae)t Mesentery 57.1 2.74 ± 5.17 
Terranova sp. (larvae) Mesentery 97.1 23.57 ± 33.54 
Acanthocephala Neoechinorhynchus macronucleatus Intestine 8.6 0.31 ± 1.16 
Radinorhynchus plagioscionis Intestine 57.1 3.46 ± 9.16 
Tocantins (n = 35) Digenea Austrodiplostomum sp. (larvae)* Aqueous humour 8.3 0.11 ± 0.53 
Digenea gen. sp. Intestine 2.8 0.03 
Cysts* Mesentery 40.0 Cestoda 
Nematoda Ascaridoidea gen. sp. (larvae) Mesentery 100.0 33.00 ± 18.63 
Procamallanus (Spirocamallanus) sp. Intestine 2.8 0.03 
Acanthocephala N eoechinorhynchus paraguayensis Intestine 55.6 5.83 ± 7.30 
• Parasites recorded in 3 localities. 
t Parasites recorded in 2 localities. 
Canada balsam (see Eiras et aI., 2002). Ectoparasites were not considered 
in this study. Data regarding H. malabaricus and its parasites were derived 
from a random subset of 35 fish taken from the samples obtained by 
Almeida (1998), while data for R. vulpinus were obtained from Alvarenga 
(2008). The sampling methods for fish and parasites used by Almeida 
(1998) and Alvarenga (2008) were the same as for the present study; they 
were developed in the same region, by the same research group. Given that 
the comparative data on native fish were collected years before data from 
P. squamosissimus, we acknowledge that temporal variation may partially 
affect the present comparison at the community scale. 
Biogeographic-scale analyses included P. squamosissimus from the 3 
localities. A discriminant function analysis (DISCRIM) was performed in 
order to detect similarities between the environments, using parasite 
abundances, i.e., number of parasites per individual fish for each parasite 
species, as independent variables, and removing outliers. To compare the 
abundance of parasites present in the 3 localities, the Kruskal-Wallis rank 
sum test was performed, followed by pairwise contrasts between localities. 
A general linear model (GLM) was constructed using infracommunity 
richness, i.e., the number of parasite species per individual fish, as a 
response variable, assuming a Gaussian distribution, and locality of.origin 
and host length as possible predictors. To determine if the condition of 
hosts was affected by the abundance of parasites, 3 GLMs were 
performed using the condition of hosts in each locality as response 
variables and abundance of parasites and interactions between abun-
dances as possible predictors. The condition of hosts in TO was log-
transformed to fit a Gaussian distribution. GLMs and DISCRIM 
included only parasite species with a local prevalence higher than 10% 
(Bush et aI., 1997). For encysted larval cestodes occurring at very high 
abundances, cysts were not counted; only the presence or absence of cysts 
in a fish was recorded. 
Community-scale analyses included P. squamosissimus in the invaded 
environment, and 2 fish species native to the PR, i.e., H. malabaricus and 
R vulpinus. To determine if the abundance of Contracaecum sp. 2 (which 
infected both the introduced and native fish) affected the condition of 
native fish more than the condition of the invader, a GLM was performed 
with the condition of hosts as a response variable, and abundance of 
Contracaecum spp. and host species as possible predictors (condition data 
for H. malabaricus were not available). In addition, a Kruskal-Wallis test 
was performed to compare the abundance of Contracaecum spp. among 
the 3 hosts, and a Mann-Whitney U-test was used to compare abundance 
of diplostomid eye flukes between P. squamosissimus and H. malabaricus 
(they do not occur in R. vulpinus, either because of incompatibility or 
absence of exposure). All GLMs used Akaike's information criterion for 
the selection of the best models, and all analyses were conducted 
considering ex = 0.05. The DISCRIM was performed using STATISTICA 
software, version 7.1 (Statsoft, Tulsa, Oklahoma); GLMs and other tests 
were conducted in R, version 2.7.2 (R Development Core Team, 2010). 
RESULTS 
In each locality, 35 P. squamosissimus individuals were 
collected, totaling 105 specimens examined. Considering all the 
localities, 6,127 endoparasites belonging to 13 species were 
recorded parasitizing P. squamosissimus. Parasite species and 
infection levels in all localities are presented in Table I. The only 
parasites observed in all 3 localities were Austrodiplostomum sp. 
(larvae) and cysts of cestodes. Contracaecum sp. 2 (larvae) 
occurred in 2 localities, SO and PRo 
The discriminant function analysis showed that the 3 localities 
have perfectly distinguishable communities of parasites (A = 0.08, 
P < 0.0001). The lowest and highest scores of the discriminant 
variables were for the ascaridoid parasites (all larvae) (-0.760) 
and Austrodiplostomum sp. (larvae) (0.206) in the first discrimi-
nant function, and Rhadinorhynchus plagioscionis (-0.443) and 
Austrodiplostomum sp. (larvae) (0.422) in the second discriminant 
function (Fig. 1). 
'The abundance of Austrodiplostomum sp. (larvae) was signif-
icantly different among localities (H = 53.8, P < 0.0001); Parana 
presented the highest abundance compared to Solimoes (U = 
1003.5, P < O. 0001) and Tocantins (U = 1146, P < O. 0001), and 
Solimoes exhibited a higher abundance than Tocantins (U = 883, 
P < O. 0001). Although Contracaecum sp. 2 larvae were present in 
the Parana and Solimoes Rivers, only 1 specimen was found in 
Parana. In the GLM performed with infracommunity richness as 
a response variable, and locality and length as possible predictors, 
only length emerged as a significant predictor (t = 4.17, P < 
0.001). Thus, even if infracommunity richness was higher in the 
Solimoes River, it was mostly because the fish were of greater 
lengths in this locality, and the infracommunity richness was 
positively correlated with length. 
LAC ERDA ET AL.--COMPARISON OF FISH PARASITES IN BRAZILIAN RIVER BASINS 715 
4 ci. f ., 
e I I ~ 2 If ('oj 
-a J c ~ ~ 0 0 0 i 0 ~ o CIII CD OCD OeD ItIDD \ c < .a c as 
.E 
·2 
11 
alb 
€ 
<i> 
.111 t 0 C -4 (]) 0 
Ii 0 
, ~ 
-6 Ascaridoldea gen. sp. Austrodlplostomum sp. 
-8 -8 -2 o 2 4 
Discriminant function 1 
FIGURE 1. Representation of species of endoparasites of Plagioscion 
squamosissimus collected in the rivers Parana (PR), Solimoes (SO), and 
Tocantins (TO), against their values for the 2 discriminant functions. 
According to the GLMs performed using host condition as 
response variables and parasite abundances as possible predictors 
(Table II), none of the parasites was a significant predictor of the 
condition factor of hosts in the Parana River. In the Solimoes 
River, R. plagioscionis was the only significant predictor of fish 
condition, with the abundance of this parasite and host condition 
being positively correlated; however, this effect disappeared after 
removal of a single extreme outlier (with >5 times more R 
plagioscionis worms than any other fish). The abundance of 
ascaridoid larvae was the only predictor selected in the model 
using condition offish from Tocantins as a response variable, and 
it was negatively correlated with the condition of fish. Although 
different parasite species are involved, the comparison still allows 
a tentative evaluation of the impact of parasitism on the same fish 
species, but in different localities. 
DISCUSSION 
The negative correlation between the condition of hosts and the 
abundance of ascaridoids in the Tocantins River reflects the 
pathogenicity of the nematode larvae belonging to this order,. 
which are known to cause serious damage to their hosts 
(Moravec, 1998). It is noteworthy that all the parasites of P. 
squamosissimus in the Parana River were larvae. Perhaps native 
parasites were not able to reproduce in the new hosts, and the 
latter only serve as paratenic hosts for the larvae of native 
generalist parasites. An exception might be Austrodiplostomum 
sp., which reached high abundance and prevalence levels in P. 
squamosissimus from the Parana River. 
The GLM performed with the condition of the hosts P. 
squamosissimus and R. vulpinus in the Parana River as response 
variables showed that the abundance of Contracaecum spp. larvae 
is not a good predictor of host condition. The only predictor 
selected in the final model was host species, which revealed that 
the condition of R. vulpinus was significantly lower than that of 
the invasive fish (t = -2.44, P < 0.02), but it was not influenced 
by the abundance of the parasite. According to the Kruskal-
Wallis test comparing Contracaecum spp. larvae abundance 
among the hosts P. squamosissimus, H malabaricus, and R 
vulpinus in the Parana River, there were significant differences in 
parasite abundance among the 3 fish species (H = 11.32, P < 
0.004). Plagioscion squamosissimus and R. vulpinus harbored 
significantly different numbers of Contracaecum larvae (U = 745, 
P < 0.05), but the major difference was between the natives H 
malabaricus and R vulpinus (U = 858, P < 0.001) (Fig. 2). This 
may reflect differences in the feeding habits of the 3 species of 
hosts. According to Almeida (1998), the endoparasite fauna of H 
malabaricus in the upper Parana River consists of 9 species of 
digeneans (including 6 larval forms), 1 tapeworm species, 7 
nematode species (including 3 larval forms), and 1 species of 
acanthocephalan. In contrast, according to Alvarenga (2008), R 
vulpinus was parasitized only by larval forms of 3 species of 
nematode and 1 acanthocephalan species. Thus, based on the 
composition of the endoparasite fauna, it is possible that P. 
squamosissimus and H malabaricus have more similar diets and, 
consequently, exposure to infection. 
In contrast, abundance of diplostomid eye flukes was slightly 
higher, but significantly so, in the native fish H malabaricus than 
in the introduced fish P. squamosissimus (U = 424.5, P = 0.02760) 
(Fig. 3). This result contrasts with the report of Machado et aI. 
(2005), who studied parasitism by eye flukes in 6 different host 
species, including P ... squamosissimus and H malabaricus, in the 
upper Parana River. The studies that were performed in the 
Parana River basin with P. squamosissimus and Austrodiplosto-
mum sp. showed different values of prevalence and intensity for 
this parasite, i.e., 100% prevalence and 2 to 100 parasites per host 
TABLE II. Predictors retained in the best models of GLM analyses, using Akaike's information criterion, with condition of fish as response variables 
(assuming Gaussian distribution) and abundance of parasites as possible predictors (PR = Parana River, SO = Solimoes River, TO = Tocantins River) . 
Predictors 
Cestode cysts 
Neoechinorhynchus sp. (larvae) 
Radinorhynchus plagioscionis 
Contracaecum sp. 2 (larvae) 
Terranova sp. (larvae) 
. ' 
Contracaecum sp. 2 (larvae) X Terranova sp. (larvae) 
Ascaridoidea gen. sp. (larvae) 
Cestode cysts X Ascaridoidea gen. sp. (larvae) 
• Significant values. 
PR 
P 
1.72 0.096 
1.37 0.178 
Condition of hosts 
SO (log) TO 
P P 
-1.15 0.259 
2.76 0.009* 
1.85 0.074 
0.22 0.828 
-1.52 0.139 
-2.08 0.046" 
1.45 0.157 
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FIGURE 2. Abundance of Contracaecum spp. larvae in the introduced 
fish Plagioscion squamosissimus, and in the native hosts Hoplias 
malabaricus and Raphiodon vulpinus in the upper Parana River (box plots 
represent medians, interquartile ranges, and minimum-maximum ranges 
without outliers). 
(Kohn et aI., 1995),46% prevalence and 1 to 34 parasites per host 
(Martins et aI., 1999), 53% prevalence and 1 to 33 parasites per 
host, and 95% prevalence and I to 397 parasites per host 
(Machado et aI., 2005). These differences may be due to possible 
seasonal fluctuations in the parasite component population, as 
shown for diplostomids parasitizing P. squamosissimus in the 
Volta Grande reservoir (Martins et aI., 2001). The low abundance 
of eye flukes in P. squamosissimus compared to other native fish 
species may benefit the introduced predator if competing for prey, 
given that P. squamosissimus and H. malabaricus overlap in diet in 
the upper Parana River floodplain (Luz-Agostinho et aI., 2008). 
Lower parasite abundance in introduced fish compared to native 
competitors has also been reported by Roche et a!. (2010) fof the 
invasive Oreochromis niloticus in Mexico. 
The taxonomy of larval diplostomids is complicated, involving 
slight phenotypic variation (Seppiilii et aI., 2007) and several cryptic 
species (Locke et a!., 2010). The parasite was earlier recorded in the 
upper Parana River region as Diplostomum (Austrodiplostomum) 
spp., with the subgenus later recognized as a genus (Niewiadomska, 
2005). The high abundance of Ausir~diplostomum sp. in P. 
squamosissimus in the Parana River basin (Kohn et aI., 1995; 
Souza, 1998; Machado et a!., 2005), and the recent record of this 
eye fluke parasitizing native hosts (Yamada et a!., 2008; Zica et a!., 
2009) have led some authors to suggest that the diplostomid is an 
invasive species in the upper Parana River (Machado et a!., 2005; 
Yamada et a!., 2008; Takemoto et a!., 2009; Zica et a!., 2009). 
However, according to our results, this is unlikely because (1) 
diplostomids use migratory birds as final hosts, and this could have 
reduced or eliminated geographic barriers for the parasite, and (2) 
abundance and prevalence on P. squamosissimus are much higher 
in the Parana River than in its native range. So, instead of 
introducing a new parasite into the new habitat, it seems more 
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FIGURE 3. Abundance of diplostomid eye flukes in the introduced fish 
Plagioscion squamosissimus and in the native fish Hoplias malabaricus in 
the upper Parana River (box plots represent medians, interquartile ranges, 
and minimum-maximum ranges without outliers). 
probable that P. squamosissimus may be acting as a new (and very 
suitable) host for a local parasite, acting as a reservoir for native 
parasites from which infections flow back to native hosts. This 
process is known as spillback (Kelly et a!., 2009). However, in the 
case of Austrodiplostomum sp., spiIJback could only be assessed 
with the use of genetic/molecular tools for species differentiation. 
Similarly, cysts of cestodes (Proteocephalidea) could not be 
identified to lower taxonomic levels either, so we cannot affirm 
that they aIJ belong to the same parasite species. 
According to our results, P. squamosissimus harbors a specific 
parasite fauna in each environment, since only 2 parasites were 
found in all the rivers. This demonstrates that, in the case of P. 
squamosissimus, the parasite fauna is more related to the local 
parasite community than to parasites associated with the original 
distribution of the fish. 
Our study showed that the endoparasite richness of P. 
squamosissimus did not differ between native and invaded 
environments, but that the composition of species was partially 
different among localities. These minor differences may suggest the 
possibility that the fish is "making new enemies" in the invaded 
environment, but without replicate localities, these remain tentative 
suggestions requiring further evidence. Host condition was 
significantly correlated with parasite abundance only in the native 
environment, possibly reflecting low pathogenicity in the novel 
parasite-host relationships in invaded areas. In addition, P. 
squamosissimus exhibited lower levels of abundance of eye flukes 
compared to the native H. malabaricus, suggesting that the invader 
may gain some advantage if competition is occurring. 
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OVERDISPERSION IN MARINE FISH PARASITES 
R. J. G. Lester 
School of Biological Sciences, University of Queensland, Brisbane, Queensland 4068, Australia. e-mail: r.lester@uq.edu.au 
ABSTRACT: A modification of Taylor's Power law was used to compare the degree of overdispersion in frequency distributions from 
38 datasets of marine parasites, data that had originally been collected for fish stock discrimination, The results strongly indicate that 
the overriding factor contributing to overdispersion in these helminths and crustaceans is the number of hosts in the life cycle. This was 
particularly well shown by juveniles of Anisakis I from different fish species. Data on the cestode Otobothrium cysticum and the 
monogenean Prieea multae appear anomalous and lead to conclusions about their biology not at first evident from the literature, 
That parasite frequency distributions are generally overdis-
persed (variance greater than the mean) is a well-recognized 
phenomenon (Shaw et a!., 1998), Crofton (1971) proposed several 
ways such a situation might arise, such as a series of random 
exposures but the chances of infection differ; aggregation of 
infective stages when a first infection increases the chances of 
others; host variability in age, behavior, etc.; and changes in the 
susceptibility of hosts with time. These have been added to, or 
modified by, many authors using theoretical models of parasite 
populations to demonstrate the possible significance of different 
factors in various circumstances. Poulin (2006) recognized 2 main 
origins for possible heterogeneity among hosts in rates of parasite 
acquisition, i.e., heterogeneity of exposure, and heterogeneity in 
susceptibility. Both include a wide range of possible factors, some 
of which have been demonstrated to be important through em-
pirical studies. Overdispersion in beetles infected by a larval 
tapeworm was positively correlated with the degree of over-
dispersion in the infecting stages (Keymer and Anderson, 1979). 
Janovy and Kutish (1988) concluded that much of the over-
dispersion in the data they examined from teleost/metacercaria 
and amphibian/tapeworm associations was attributable to sea-
sonal and annual changes in availability of infective stages. 
Aggregation of Echinococcus multilocularis in voles was attributed 
to variability in the survival of infective eggs as a result of high 
temperatures and dryness (Hansen et aI., 2004). 
Other empirical studies identified factors associated with 
heterogeneity in the hosts. Overdispersed distributions of tricho-
strongylid nematodes in domestic ruminants are thought to be due 
to individual variability in the expression of an immune response 
(Hoste et aI., 2002; Gaba et aI., 2005). Krasnov et aI. (2006) 
demonstrated that the degree of aggregation in rabbit fleas was 
positively correlated with host body mass, burrow complexity, and 
host basal metabolic rate. Poulin (2006) points out that a wide 
range of mechanisms that result in aggregation of parasites will 
vary in strength among host-parasite systems. 
The measurement of aggregation is Jar from straightforward, 
since all methods have some drawbacks (for review, see Poulin, 
2006). Taylor (1961) used empirical data from 22 datasets of free-
living invertebrates, plus fish and viral induced lesions to show 
that the log variance of each sample varied directly with the log 
mean of that sample for each species examined. He proposed 
the power law i = amh and suggested that the slope 'b' was a 
characteristic property of the organism. Since then, 'b' has been 
used as a measure of overdispersion in parasites by many authors, 
including Anderson et aI. (1982), Shaw and Dobson (1995), 
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Kilpatrick and Ives (2003), and Morand and Krasnov (2008). Its 
disadvantage is that many samples with different means are 
required to provide an accurate value. Slopes typically fall 
between 1 and 2 (Anderson et aI., 1982). Shaw and Dobson 
(1995) found there was a close fit to a value of 1.55 in 269 host-
parasite systems. 
Here, I suggest a way to compare overdispersion based on 
Taylor's power law when few samples per species are available, 
and apply this to 38 datasets dealing with marine fish parasites. 
MATERIALS AND METHODS 
Parasite datasets were collected during stock delineation studies on 
Scomberomorus eommerson (Spanish mackerel: Lester et a!., 2001; Moore 
et a!., 2003; Williams and Lester, 2006), Katsuwonus pelamis (skipjack 
tuna: Lester et a!., 1985), Mugil cephalus (sea mullet: Lester et a!., 2009), 
Rexea solandri (gemfish: Sewell and Lester, 1995), and Trachurus dec/ivis 
(jack mackerel: K. Sewell, pers. comm.). All sample data were used 
without any selection for fish age, time, location of sample, or method of 
collection or examination. Log mean parasite abundance was plotted 
against log variance for individual samples from 1 species, and regression 
lines were fitted. 
The limitation of only 5, or so, points on the graphs for many species 
precluded an accurate estimation of the slope for that species, as 
concluded by Shaw and Dobson (1995). However, taking the different 
intercepts into account provided a way to compare the degree of 
overdispersion in different species. With the relationship, the log variance 
in each parasite category was estimated for a log mean of I, and this was 
used as the 'score' for that species. In several cases, different data bases 
gave data on the same parasite species, thus providing a guide to the 
precision of the score. Data were statistically analyzed using R (R 
Development Core Team, 2011). 
RESULTS 
The log means and log variances for the metacestode 
Otobothrium cysticum from S. commerson from 6 areas around 
Australia are shown in Figure 1, together with data on the 
polyopisthocotylean Gotocotyla secunda from the same fish 
samples. The slopes for the 2 parasites differ (1.68 vs. 1.33), 
but this only partly reflects the large difference in the degree of 
overdispersion between them. The differences between the scores, 
i.e., estimated log variance at a log mean of 1, are much greater, 
2.66 versus 1.67. Had the distributions been random and followed 
Poisson distributions, both scores would have been close to 1.00 
(the means and variances being equal). Thus the monogenean has 
a score much closer to random than that of the metacestode. 
Scores were calculated for 38 parasite types (Table I). The 
reliability of the method is suggested by the close values for 0. 
cysticum from 3 different datasets collected by 3 different workers. 
Although the slopes of the regression lines for these samples 
varied (1.85, 1.28, and 1.68, respectively), when coupled with the 
-0.5 0.5 1.5 
log mean 
2.5 
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intercept, they gave the relatively consistent scores of 2.56, 2.58, 
and 2.66. 
FIGURE 1. Upper line, Otobothrium cysticum means and variances 
from 6 samples of Scomberomorus commerson. Lower line, Gotocotyla 
secunda from the same samples (data from Lester et aI., 2001). 
The lower half of Table I contains all the monogeneans 
and copepods (in bold), all with scores of less than 2.1. Scores 
preceded by '-' are estimates from extrapolations because the 
available log means were all either well above, or well below, 1. 
Most metacestodes and digeneans (indicated by asterisks) occur in 
the upper half of the table with scores over 2.1. Statistical analysis 
showed that the slope of the monogeneans and copepods using 
combined log means and log variances from the individual 
samples was significantly different (t-value 2.74, df 261, P = 
0.0066) from that of the metacestodes and digeneans (1.347 vs. 
1.968). The reliability of the individual scores was ascertained by 
calculating the upper and lower prediction limits of the scores for 
each of the monogeneans/copepods and metacestodes/digeneans 
from the log means and log variances of the individual samples 
at log (mean) = 1. With a 2 sample {-test, prediction limits were 
compared for each group. Prediction limits of the monogeneanl 
TABLE 1. Dispersion scores for monogeneans (m) and copepods (c) (in bold), trypanorhynch cestodes (t) and digeneans (d) (*), and nematodes (n), and 
acanthocephalan (a). Extrapolated values indicated by '~'. 
Dispersion scores 
3.29 
2.86 
2.73 
2.72 
2.66 
2.63 
2.58 
2.56 
~2.56 
2.47 
2.45 
2.39 
2.33 
2.32 
2.32 
2.32 
~2.31 
2.17 
2.14 
2.07 
2.06 
2.01 
1.95 
1.94 
1.88 
1.87 
~1.82 
1.82 
1.8 
~1.80 
1.79 
1.71 
~1.68 
1.67 
~1.63 
~1.61 
1.53 
1.44 
1.39 
Type 
n 
n 
t 
d 
n 
n 
d 
d 
d 
d 
d 
n 
n 
d 
d 
m 
a 
m 
m 
c 
c 
n 
c 
n 
n 
m 
m 
c 
c 
m 
m 
m 
Parasite 
Terranova sp. 
Anisakis I 
Nybelinia* sp. 
Didymocylindrus fi/iformis* 
Otobothrium cysticum* 
Degenerate Nybelinia* 
O. cysticum* 
0. cysticum* 
Anisakis I 
Terranova sp. 
Didymoproblema fusiforme* 
Lagenocystis* and Univitellannulocystis* spp. 
Didymocystoides intestinomuscularis* (int.) 
D. intestinomuscularis* (stom.) 
Didymocylindrus simplex* 
Phi/ometra sp. 
Anisakis I 
Oesophagocystis dissimilis* 
Kollikeria* and Didymocystis* spp. 
Pricea multae 
Ro.orhynchus terebra 
Grillotia angeli* (stom.) 
P. multae 
G. angeli* (pyl. caec.) 
Pseudothoracocotyla ovalis 
Tentacularia coryphaenae* 
Pseudocycnoides armatus 
Caligus spp. 
Spirurid 
Lernanthropus mugilii 
Hysterothylacium 
Anisakis I 
P.ovalis 
Gotocotyle secunda 
P. armatus 
Caligus spp. 
Pseudaxine sp. 
Gotocotyle bivaginalis 
G. bivaginalis 
Host 
Rexea solandri 
R. solandri 
R. solandri 
Katsuwonus pelamis 
Scomberomorus commerson 
R solandri 
S. commerson 
S. commerson 
K. pelamis 
S. commerson 
K. pelamis 
K. pelamis 
K. pelamis 
K. pelamis 
K. pelamis 
K. pelamis 
S. commerson 
K. pelamis 
K. pelamis 
S. commerson 
K. pelamis 
Trachurus dec/ivis 
S. commerson 
T. dec/ivis 
S. commerson 
K. pelamis 
S. commerson 
K. pelamis 
T. declivis 
Mugi/ cephalus 
T. dec/ivis 
T. dec/ivis 
S. commerson 
S. commerson 
S. commerson 
S. commerson 
T. declivis 
S. commerson 
S. commerson 
Reference 
Sewell and Lester, 1995 
Sewell and Lester, 1995 
Sewell and Lester, 1995 
Lester et aI., 1985 
Lester et aI., 2001 
Sewell and Lester, 1995 
Moore et aI., 2003 
Williams and Lester, 2006 
Lester et aI., 1985 
Lester et aI., 2001 
Lester et aI., 1985 
Lester et aI., 1985 
Lester et aI., 1985 
Lester et aI., 1985 
Lester et aI., 1985 
Lester et aI., 1985 
Lester et aI., 2001 
Lester et aI., 1985 
Lester et aI., 1985 
Lester et aI., 2001 
Lester et aI., 1985 
Sewell, unpubl. 
Moore et aI., 2003 
Sewell, unpubl. 
Lester et aI., 2001; Moore et aI., 2003 
Lester et aI., 1985 
Lester et aI., 2001 
Lester et aI., 1985 
Sewell, unpubl. 
Lester et aI., 2009 
Sewell, unpubl. 
Sewell, unpubl. 
Moore et aI., 2003 
Lester et aI., 2001 
Moore et aI., 2003 
Lester et aI., 200 I 
Sewell, unpubl. 
Lester et aI., 2001 
Moore et aI., 2003 
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copepod group were significantly different at 95% confidence 
from the overall metacestode/digenean score. One of the 0. 
cysticum datasets (2.56) was excluded from the analysis because of 
its extremely wide prediction limits, which were based on only 3 
data points. 
The table contains several anomalies. Anisakis 1 first occurs 
within the monogeneans, with a score of 1.71. This is relatively 
close to a random distribution. The same parasite occurs at 3 
other places in the table, but each time with much higher scores. 
Two other anomalies are evident. The monogenean Pricea 
multae has a high, but consistent, score derived from 2 different 
databases. This indicates that unlike most monogeneans and 
copepods, it has a greatly overdispersed distribution. The 2 
tentaculariid trypanorhynchs, Tentacularia coryphaenae and 
Nybelinia sp., have very different scores, i.e., 1.87 versus 2.73. 
The parasites are closely related phylogenetically, but the different 
scores suggest there are significant differences in their biology. 
DISCUSSION 
The causes of overdispersion are varied and numerous 
(Crofton, 1971; Poulin, 2006). No doubt many factors are 
operating in all of these parasites and thus affecting the 
distributions. It is clear, however, that some factor, or factors, 
are having a major effect on all the parasites with scores above 2.1 
and having less effect on those below. All the high scoring species 
have multi-host life cycles, and most of the low scoring ones have 
direct life cycles. 
All of the high scoring parasites are thought to have arrived in 
the fish from at least 1 earlier host. Possibly moving up a food 
chain could increase overdispersion simply through a predator 
taking a random sample from a population of animals that 
already contains a random distribution of parasites. Some 
predators will thus acquire packets of parasites, since these will 
occur in some prey items. No doubt many other factors are at 
play, but the results do suggest that the number of hosts in the life 
cycle is a determinant factor, though whether through clumped 
infective stages or accumulated variability from other sources is 
not certain. 
Examination of 1 of the parasites that was recovered from what 
appeared to be different trophic levels supports the hypothesi.s 
that the number of earlier hosts is an important factor. Three 
morphological types of larval Anisakis occur in fish in southern 
Australia. Of these, Anisakis 1 is generally considered close to, if 
not identical with, A. simplex s.l. It was found in 2 sympatric 
hosts, T. declivis and R solandri. Trachurus declivis feed on 
crustaceans, especially euphausiids al1d. small fishes, and, since 
euphausiids are the first intermediate host for A. simplex, it is 
likely T. declivis contract Anisakis 1 from this source. Smith 
(1983) found that although 78% of the euphausiids were infected, 
no euphausiid had more than 1 parasite (a highly underdispersed 
distribution). If prey are consumed at random, i.e., there is no 
effect of the parasite on the likelihood of the prey item being 
caught, T. declivis will ingest individual worms with their prey 
and, other factors being absent, will acquire a distribution close to 
random. This agrees with the data here, where the score for this 
host is 1.71. The sympatric and totally piscivorous predator, R. 
solandri, is higher up the trophic chain so must be acquiring its 
infections from fish such as T. declMs. Its score for Anisakis 1 is 
2.86. The other estimates for Anisakis 1, -2.31 and -2.56, are 
obtained from fish species that are also piscivorous from an early 
age. Their high scores presumably also reflect their high position 
in the trophic chain. 
The very high score of Anisakis 1 in R. solandri (2.86) suggests 
these fish are higher up the food web than K. pelamis or S. 
commerson. The other parasites in R solandri support this 
assertion, since they all have scores over 2.6. 
The life cycles of few trypanorhynchs are known, although 
all are thought to go through a crustacean first intermediate 
host, usually a copepod (Palm, 2004). The low score for T. 
coryphaenae (1.87) suggests that at the most there are only 2 
hosts prior to ingestion by the K. pelamys, and possibly 1 of them 
with an underdispersed distribution. Katswonus pelamis accumu-
lates T. coryphaenae throughout its life (Lester et aI., 1985) and, 
since the species is piscivorous from a very early age (Mourente 
and Tocher, 2009), it probably obtains the infection from forage 
fish such as anchovies throughout its life. Infection in anchovies 
with procercoids of another trypanorhynch, Callitetrarhynchus 
gracilis, conforms to a Poisson distribution, suggesting that 
the hypothetical host prior to the anchovy rarely contains more 
than 1 parasite (Lester, 1989), and this may be the case with T. 
coryphaenae. 
By contrast, Nybelinia sp. has a very high score (2.73), 
suggesting this parasite has passed through a number of hosts 
before accumulating in the gemfish. Naked plerocercoids such as 
Nybelinia spp. are considered to be 'unusually robust' and able to 
pass through an indefinite series of paratenic hosts (Palm, 2004; 
Palm and Caira, 2007). From the level of overdispersion in 
Nybelinia sp. observed here, it seems likely that this metacestode is 
transferred from fish to fish and progresses up a food chain by 
being ingested by a series of hosts, some evidently finally ending 
up in R. solandri. 
The high scores for o. cysticum also suggest several hosts prior 
to acquisition by S. commerson. Fish lower down the food chain 
have been found to have blastocysts of o. cysticum (see Palm and 
Overstreet, 2000). Although blastocysts are not generally readily 
transferred from teleost to teleost, even of the same host species 
(personal observation), the data here suggest such transference 
may be occurring in o. cysticum. 
The scores for P. multae, 1.95 and 2.07, are relatively high for 
a monogenean. Bychowsky and Nagibina (1967) suggested this 
species may have an intermediate host because they found large 
numbers of immature parasites on prey fish species and suggested 
that these juveniles transferred to the final host to attain sexual 
maturity, a possibility considered unlikely by Kritsky et aI. (2011). 
A more probable factor to account for the high overdispersion is 
aggregation of oncomiracidia, since the eggs of microcotylids tend 
to be released in clumps (Bychowsky, 1961) and these may be 
caught in gill rakers prior to hatching. 
Variability in host immunity could be a contributing factor in 
the aggregation of some internal parasites, since the high scores 
are all from internal parasites and most of the low scores are from 
external parasites. However, the low score for Anisakis 1 from T. 
declivis suggests it has little effect in that species. Also, the steady 
acquisition of cestodes such as T. coryphaenae, Grillotia branchi, 
and O. cysticum throughout the life of the hosts (Lester et aI., 
1985; Williams and Lester, 2006) does not suggest a strong 
component of acquired immunity. There could, of course, be 
variability in other forms of resistance, though we have no data to 
support this notion at present. 
In conclusion, the analyses suggest that, of the numerous 
factors thought to affect aggregation in parasites, the major 
determinant of overdispersion in most of the parasites examined 
here is the number of earlier hosts in the life cycle. With this in 
mind, evaluation of the scores of individual species may lead to 
identification of significant aspects of their biology not otherwise 
apparent. 
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HIGH INTENSITY AND PREVALENCE OF TWO SPECIES OF TREMATODE 
METACERCARIAE IN THE FATHEAD MINNOW (PIMEPHALES PROMELAS) WITH NO 
COMPROMISE OF MINNOW ANTI-PREDATOR COMPETENCE 
Brian D. Wisenden*t, Jorge Y. Martinez-Marquez:j:, Emilia S. Gracia§, and Daniel C. McEwent 
ABSTRACT: Opportunity for parasites to manipulate host behavioral phenotype may be influenced by several factors, including the 
host ecology and the presence of cohabiting parasites in the same host. Metacercariae of Ornithodiplostomum ptychocheilus and "black 
spot" Crassiphiala bulboglossa have similar life cycles. Each parasite uses a littoral snail as a first intermediate host, fathead minnows as 
a second intermediate host, and a piscivorous bird as a final host. Metacercariae of black spot encyst in the dermal and epidermal 
tissues, while metacercariae of 0. ptychocheilus encyst on the brain over a region that coordinates optomotor responses. Because of site 
differences within the host, we predicted that 0. ptychocheilus metacercariae might manipulate the behavioral phenotype of minnows 
to facilitate transmission to the final host, but metacercariae of black spot would not. In our study population, prevalence was 100% 
for O. ptychocheilus, with an overall median intensity of 105 metacercariae per minnow, Prevalence of black spot was 60%, with a 
median abundance and intensity of 12 and 20 metacercariae per minnow for the overall sample and for infected fish, respectively. 
Minnows accumulated both parasites over time, producing significant correlations between intensity and minnow body length and 
between intensities of the 2 parasites. Minnows infected with black spot had on average twice as many 0. ptychocheilus metacercariae 
as similar-sized minnows without any black spot cercariae. We found no correlation between body condition of minnows and intensity 
for either parasite. We measured 2 aspects of anti-predator competence to test for effects linked to parasite intensity. We found no 
correlation between intensity of either species of parasite and latency to behavioral response to attack from a mechanical model heron, 
nor was there any effect of parasite intensity on a measure of shoaling affinity. The absence of any detectable effect of metacercariae on 
anti-predator competence in minnows may reflect selection against parasite pathology from predation by non-hosts of the parasites 
and overwinter mortality due to low dissolved oxygen. 
Parasites can exert profound effects on host population size, 
habitat use, trophic dynamics, vulnerability to predators and 
pathogens, and, ultimately, on host reproductive success (Poulin 
and Thomas, 1999; Barber et aL, 2000; Poulin, 2006; Lafferty et 
aL, 2008), In addition to pathology, parasites can influence 
behavior of intermediate hosts, rendering hosts more vulnerable 
to predation and thus facilitating transmission to final hosts 
(Barber et aL, 2000; Poulin, 2006). However, circumstances may 
not always favor manipulation of host behavioral phenotype. One 
constraint is when there is a high probability a compromised host 
will be eaten by a predator that is not a final host of the parasite, 
A second constraint on parasite manipulation is the risk that 
physiologically compromised hosts will succumb to harsh abiotic 
conditions before they can be eaten by the final host. 
The fathead minnow (Pimephales promelas) is small bodied 
(maximum total length in our field data was 70 mm) and 
abundant in prairie pothole lakes in the midwest region of North 
America. They acclimate well to laboratory aquaria and breed 
easily in captivity. Consequently, this species has become a model 
organism for environmental toxicology (Ankley and Villeneuve, 
2006) and behavioral ecology (e.g., Danylchuk and Tonn, 2001; 
Bessert et aL, 2007; Wisenden, 2008; Wisenden, Alemadi et aL, 
2009; Wisenden, Rugg et aL, 2009; Ferrari et aL, 2010), The 
fathead minnow also has significant commercial importance in 
the bait-fish industry (Carlson and Beiry, 1990). Although much 
is known about the ecology of this species, little is known about 
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the degree to which their ecology, evolution, and behavior have 
been shaped by parasites. 
Adults of the trematode Ornithodiplostomum ptychocheilus 
occur in the digestive tract of piscivorous birds, Eggs enter the 
water with the bird's feces, where emerging miricidia infect the 
first intermediate host, the snail, Physa gyrina, Within the snail, 
miricidia undergo extensive asexual reproduction and emerge as 
large numbers of cercariae released daily for several weeks, mainly 
in late autumn (Sandland et aL, 2001), Cercariae penetrate 
.' fathead minnows upon contact, migrate to the central nervous 
system, grow and develop within the stratum marginale of the 
optic lobes and cerebellum, and then shift to the endomeninx 
layer, which envelops the optic lobes and cerebellum, where they 
encyst and await ingestion by the final host (Hoffman, 1958; 
Sandland and Goater, 2000, 2001; Matisz et aL, 2010), Fathead 
minnows infected with O. ptychocheilus show impaired visual 
tracking of motion (Shirakashi and Goater, 2001, 2002, 2005) and 
decreased shoal cohesion (Radabaugh, 1980), Both of these 
effects suggest that metacercariae may compromise anti-predator 
responses and thereby facilitate trophic transmission of metacer-
cariae to the final host (parasite increased trophic transmission 
[PITT]; Barber et aL, 2000), 
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Adult Crassiphiala bulboglossa are also found in the gut of 
piscivorous birds, Eggs pass in the bird's fecal matter, and the 
resulting miricidia penetrate the snail Helisoma trivolvis (Hoff-
man, 1956), The resulting cercariae penetrate and encyst in the 
skin of fish and become enveloped in melanin produced by the 
host. Black spot metacercariae by C. bulboglossa, and closely 
related Uvulifer ambloplitis, infect multiple species of fish (Steed-
man, 1991) and are associated in some cases with greater risk of 
overwinter host mortality (Lemly and Esch, 1984; Pracheil and 
Muzzall, 2010) and poor physical condition (Lemly and Esch, 
1984), and have been shown to reduce shoaling behavior of 
infected hosts (Krause and Godin, 1994; Tobler and Schlupp, 
2008). 
The present study has 3 parts; one is survey based, and the 
others are experimentaL First, we described the prevalence and 
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intensity of 0. ptychocheilus and C. bulboglossa in fathead minnows 
in Deming Lake, Minnesota. Next, we conducted 2 field 
experiments to test for potential parasite-induced compromise of 
anti-predator competence in fathead minnows. One experiment 
tested the reaction time of infected fathead minnows in response to 
attack by a mechanical heron. The second experiment tested for a 
correlation between infection intensity and minnow shoaling 
behavior. We predicted a priori that 0. ptychocheilus, being 
located in the area of the brain that coordinates behavioral 
responses to visual stimuli, was more likely to affect fish behavior 
than C. bulboglossa located in the skin. 
MATERIALS AND METHODS 
Study site 
Deming Lake is a S-ha meromictic lake located within Itasca State Park, 
Minnesota (47°10'13.73"N, 95°IO'S.9S"W). It has abundant fathead 
minnows, northern redbelly dace (Phoxinus eos), brook stickleback 
(Culaea ineonstans), and, at the time of this study, central mudminnows 
(Umbra liml). Populations of yellow perch (Perea jlaveseens), pumpkin-
seed sunfish (Lepomis gibbosus), golden shiners (Notemigonus erysoleueas), 
Iowa darters (Etheostoma exile), and bullhead catfish (Ameiurus melas) 
occur sporadically in the lake, but these species are periodically extirpated 
by low dissolved oxygen levels during the long period of winter ice cover. 
None of the latter species was in evidence during the current study. 
Anti-predator avoidance of a mechanical heron 
We constructed a life-sized model of a great blue heron (Ardea herodias) 
from plywood, painted it to resemble a heron, and attached it to a spring 
mechanism that, when triggered, caused the head and neck of the model 
heron to descend rapidly toward the water surface of a test arena. The 
model was physically separated from the table holding the test arena, and 
the attack stopped short of contact with the water surface so the model 
predator stimulus was visual, but not mechanical. We predicted that 0. 
ptyehoeheilus infection would increase latency to respond, but black spot 
infection would not. 
Individual fathead minnows captured by minnow trap from Deming 
Lake, and held in stock tanks for at least 24 hr, but less than 96 hr, were 
placed in a test arena (23 X 29 em) filled to a depth of =2.5 cm with lake 
water (enough for the fish to swim freely, but not enough to allow changes 
in depth) and left to acclimate to the test apparatus for 10 min. The 
minnow response to the attack was recorded on a digital camcorder (Sony 
Cybershot DSC-T2, Tokyo, Japan). Latency to. escape response was 
scored from frame-by-frame analysis of video playback as the time 
between first motion of the model predator and the first motion of the flSh. 
The test fish were then killed by an overdose of methane tricaine sulfonate' 
(MS222), measured, weighed, and necropsied for parasites. The brain of 
each host was removed from the cranium and pressed between 2 glass 
slides. Encysted metacercariae were then counted in this thin layer with the 
aid of a compound microscope. The intensity of black spot disease was 
quantified by simply counting the number of melanized (black) 
metacercariae of C. bulboglossa encysted in the skin. Fifty fish were 
tested. One outlier, with a response latency that was 11.8 X I S.D. above 
the mean, was omitted from the analysis. Sex was determined by the 
presence of rostral tubercles, dorsal mucus pad, and presence of testes in 
males, and the absence of secondary sexual characteristics and the 
presence of ova in females. 
Field test of shoal affinity 
We tested affinity to join a shoal of conspecifics by baiting minnow 
traps with jars (volume = 973 ml) that contained either a shoal of 4 
fathead minnows or no fish (control). Each jar had a mesh lid to allow 
regular exchange with fresh lake water. In a previous field experiment in 
this lake, traps seeded with similar jars with fathead minnows caught 
significantly more fathead minnows than traps with empty jars (Wisenden 
et aI., 2003). 
Shoaling behavior of fathead minnows infected with 0. ptyehoeheilus 
and C. bulboglossa has been shown to be impaired compared to uninfected 
minnows (Radabaugh, 1980; Krause and Godin, 1994). Thus, we 
predicted a priori that fish with high-intensity infection would have a 
lower likelihood of entering shoal-baited traps than fish with low-intensity 
infection. We also predicted that control traps (with empty jars) should 
yield fish with higher infection intensities than shoal-baited traps. We set 
traps in treatment pairs (1 shoal jar trap, I empty jar trap) around the 
perimeter of Deming Lake about 2 m from shore, at a depth of about I m. 
Setting traps in pairs minimized any potential effect of microhabitat. Set 
time was 2 hr to reduce the effect captured fish have on recruiting 
subsequent fish to the trap. We harvested fish for several days until we had 
captured SO fish in each trap type. Captured fish were taken to the Itasca 
Biological Field Station, killed, and necropsied so that parasite intensity 
could be recorded as described previously. 
Statistical treatment of the data 
To describe the relationships among 0. ptyehoeheilus, black spot, and 
fathead minnows, we first employed the following statistical procedures. 
Given the high number of zeroes for black spot prevalence and the general 
nature of right-skewed parasite intensity in general, extra precaution was 
taken in further analyses to assure relationships were linear prior to 
generating any model. We included fish total length (TL) as a covariate. 
Nonnality of the data was assessed using the Lilliefors-modified 
Kolmogorov-Smirnov test. Ornithodiplostomum ptyehoeheilus intensity 
required log transfonnation to achieve nonnality. We were unable to 
establish a positive correlation between black spot intensity and the In-
transfonned 0. ptyehoeheilus intensity, likely due to zero inflation. 
Consequently, we converted black spot data into a factor indicating 
presence or absence. We generated an ANCOVA model to assess log-
transfonned 0. ptyehoeheilus intensity as a function of black spot presence 
(FACTOR) and the total length of the fish (TL). Our original model also 
included a factor for sex and date of collection, but the additional variance 
explained was marginal, i.e., 2.6% for sex and <1% for time, compared 
with 20.8% for black spot and 13.2% for total length, so we removed both 
sex and time from this analysis. We assessed equal variance for the levels 
in the factors using Levene's test for homogeneity. Further, because 
ANCOV A assumes additive relationships between covariates and factors, 
we tested for interactions between black spot presence and total length. 
Finally, we tested the residuals of the model for nonnality. All tests 
showed our ANCOV A model to be an adequate tool to assess 
relationships of interest. The final model was as follows: 
In(Op intensity)~black spot (factor) + total length (covariate). 
We did further analysis on the subset of fish that had at least I black 
spot metacercaria (n = 86). In case fish length affected 0. ptyehoeheilus 
differently from black' spot, we standardized intensity for both 0. 
ptyehoeheilus, i.e., sOp, and black spot (sBS) by the total length prior to 
the analysis, i.e., divided parasite intensity by fish total length. Nonnality 
was checked to ensure assumptions of the linear model were met; In-
transfonnations were necessary for both variables to rectify non-nonnality 
and to linearize relationships for the regression. The linear model we used 
was In-transfonned 0. ptyehoeheilus intensity against In-transfonned 
black spot intensity conditional on their presence. 
In(sOP)~ In (sBS). 
Fish condition, i.e., the fish's mass relative to its length, is a good 
measure of nutritional status. We calculated condition from the residuals 
of the linear regression between In (length) and In (mass) to generate a 
measure of mass that corrects for the effect of length on mass. For 
example, a positive residual indicates an individual that is relatively plump 
for its length, while a negative residual indicates an individual that is 
relatively skinny for its length. The relationship between this condition 
index and both 0. ptyehoeheilus intensity and black spot intensity was 
highly non-linear. Further, the condition residuals were not nonnal, and 
we failed to nonnalize them using the Box Cox power transformation 
procedure. As a consequence, we tested our result on the rank-
transfonned condition. Non-linear relationships between covariates and 
the response were rectified by In-transfonning 0. ptyehoeheilus intensity 
and converting black spot intensity to a presence/absence factor as before. 
The transfonnation worked to linearize the relationship between the 
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condition index and O. ptychocheilus intensity. We tested whether In-
transformed 0. ptychocheilus intensity, or black spot presence/absence, or 
both, was related to the condition and sex of the host. 
We considered reaction time to heron attack using time-to-event 
analysis, where the initial time was taken as the time when the model 
predator was activated, and the event was the movement of the minnow. 
We used a Cox proportional hazards model to regress the instantaneous 
reaction rate of fish as a function of 0. ptychocheilus intensity and black 
spot presence/absence. The Cox proportional hazards analysis generates 
estimates of "relative risk," which in this context is the relative speed of 
reaction for having versus not having black spot; for 0. ptychocheilus, it 
is the change in reaction time for each unit increase in 0. ptychocheilus 
intensity. Exponentiated coefficients give these relative risk measures. We 
included total length as a covariate and sex as a random factor so that our 
final model was as follows: 
h(t) = h(O) exp[ln (Op) + black spot + sex + TL]. 
We used logistic regression to analyze the binary categorical variable 
(shoal trap vs. control trap) regressed against O. ptychocheilus intensity 
and black spot intensity, using both sex and total length as covariates: 
In(1 trap) = intercept + In (Op) + black spot + sex + TL. 
+ trap 
RESULTS 
Population description 
Mean intensity and median intensity of 0. ptychocheilus were 
177.0 and 104.5, respectively (Table I). Mean abundance and 
median abundance of black spot were 11.8 and 1.0, respectively, 
over the entire sample (n = 144) and 19.7 and 4.5, respectively, 
among minnows that had at least 1 black spot metacercaria 
(Table I). Both species were overdispersed, particularly 0. 
ptychocheilus (Table I; Fig 1). For minnows greater than 38 m 
in total length, 0. ptychocheilus showed 100% prevalence, while 
black spot was estimated to be present in 59% (95% CI = 8%) of 
the minnow sample (Table I). 
Black spot presence/absence was significantly related to 0. 
ptychocheilus intensity after accounting for the total length in 
fish (Table II). The difference was clear in intercepts between 
individuals with black spot versus those without, but the slopes 
were nearly identical with respect to total length (Fig. 2A):Back-
transformed estimates indicate that individual fish with black 
TABLE 1. Descriptors of intensity and prevalence of Ornithodiplostomum 
ptychocheilus and intensity, abundance, and prevalence of black spot 
(Crassiphiala bulboglossa) metacercariae in samples of fathead minnows in 
Deming Lake, Minnesota, June 2009. 
-, 
Black spot 
0. ptychocheilus Entire sample Infected fish only 
Mean 176.96 11.76 19.70 
SE 14.52 2.27 3.56 
Max 1,044 169 169 
Min 5 0 I 
Median 104.5 I 4.5 
25th percentile 63.0 0 2 
75th percentile 220.75 7 17.25 
Prevalence 100% 59.72% 100% 
Variance/mean 171.58 63.07 55.25 
N 144 144 86 
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FIGURE 1. Frequency distribution of (A) intensity of O. ptychocheilus 
metacercariae and (B) abundance of Crassiphiala bulboglossa (black spot) 
in Deming Lake, Mipnesota. 
spot have, on average, acquired O. ptychocheilus at more than 
twice the rate as they did black spot metacercariae. For example, 
fish with 38 mm TL are predicted to have 24 (95% CI = 15, 37) 
O. ptychocheilus parasites, if not infected with black spot, but 52 
O. ptychocheilus (95% CI = 33, 83) if infected with black spot. 
For fish 70 mm TL, we expect 148 O. ptychocheilus (95% CI = 
105, 207) parasites if not infected and 322 O. ptychocheilus (95% 
CI = 240, 432) if infected with black spot. We also found a 
significant positive correlation between standardized intensities 
of the 2 parasites, suggesting that when 0. ptychocheilus 
intensity was high, so too were black spot numbers (Fig. 2B). 
While much scatter was apparent along the regression line, the 
positive correlation between the 2 variables was clear (Fig. 2B). 
Neither the In-transformed O. ptychocheilus intensity (P = 
0.404) nor the black spot presence/absence (P=0.573) appeared 
to be related to physical condition of the fish host (Table III). 
We did not perform a separate regression of black spot presence 
against condition residuals because we found this to be related 
to O. ptychocheilus intensity. This suggests collinear responses, 
and, if condition is not determined by O. ptychocheilus intensity, 
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neither should we expect it to be determined by the black spot A 
intensity. 
Does parasite intensity compromise anti-predator 
competence of minnows? 
We found no effect of 0. ptychocheilus intensity or black spot 
intensity on latency to reaction (Table IV). We found no 
indication that parasite intensity, sex, or fish length influenced 
minnow preference for traps either with, or without, jar fish 
(Table V). 
DISCUSSION 
We found high intensity and 100% prevalence of O. 
ptychocheilus and 60% prevalence of black spot in adult (1+) 
fathead minnows in Deming Lake. Although parasite manipu-
lation of intermediate hosts has been reported for many parasites 
(Barber et aI., 2000; Poulin, 2006), including the O. ptychochei-
Ius-fathead minnow system (Radabaugh, 1980; Shirakashi and 
Goater, 2001, 2002, 2005), we found no evidence for parasite 
manipulation in the present study. Otherwise, overall prevalence 
and intensity of 0. ptychocheilus in Deming Lake were similar to 
patterns reported for Albertan populations, where prevalence 
also reaches 100% (Sandland et aI., 2001): Moreover, our 
observations concurred with those of Sandland et al. (2001), 
who detected no effect of O. ptychocheilus on minnow growth or 
survival. It seems that host pathology is limited to the initial days 
post-infection during growth and maturation of metacercariae, 
after which the encysted metacercariae are metabolically 
inconsequential (Hoffman, 1956; Sandland and Goater, 2001; 
James et aI., 2008; Matisz et aI., 2010). Similarly, although some 
studies have documented reduction of host fitness due to black 
spot infection in bluegill sunfish, Lepomis macrochirus (Lemly 
and Esch, 1984; Pracheil and Muzzall, 2010), others working on 
cyprinids have not (Vaughan and Coble, 1975; Hockett and 
Mundahl, 1989). 
Multiple infection events over time resulted in a strong 
correlation between parasite intensity and total length, i.e., age. 
TABLE II. ANCOV A results for predicting intensity of 0. ptychocheilus 
from abundance of black spot metacercariae and fish total length (TL). 
Estimate SE t-value p-value 
Intercept 1.02 0.62 1.66 0.10 
Black spot (factor) 0.78 0.13 6.03 <0.001 
. ' 
TL (covariate) 0.06 0.01 5.32 <0.001 
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FIGURE 2. (A) Ln-transformed O. ptychocheilus intensity as a response 
to fish total length and presence (solid circles) or absence (open triangles) 
of black spot presence. (B) Linear relationship between the In-
transfurmed, total-length standardized 0. ptychocheilus intensity (sOp) 
and black spot intensity conditional upon their occurrence (sBlack spot 
count I present). 
TABLE IV. Estimated coefficients from Cox proportional hazards regres-
TABLE III. ANCOV A table for linear model of response for the body sion model. The null hypothesis is that the estimates are equal to one. If 
condition of individual fish. the estimates are equal to one, it means that the relative effect of predictor 
variables is equal. 
Df SSE MSE F-value p-value 
Estimate SE F-value p-value 
Ln(Op) (covariate) 946 946 0.700 0.404 
Black spot (factor) 432 432 0.319 0.573 Ln(Op) (covariate) 1.020 0.320 0.057 0.955 
Sex (factor) 13,259 13,259 Black spot (factor) 0.881 0.475 -0.267 0.790 
Time (factor) 3 59,357 19,786 Sex (factor) 0.667 0.352 -1.149 0.251 
Residuals 141 190,700 1,352 TL (covariate) 1.060 0.037 1.492 0.136 
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TABLE V. Estimated coefficients for the logistic regression. 
Estimate SE z-value p-value 
Intercept -2.3 2,077 -1.106 0.269 
Ln(Op) (covariate) -0.070 0.251 -0.276 0.782 
Black spot (factor) 0.146 0.458 0.319 0.750 
Sex (factor) -0.327 0,591 -0.554 0.580 
TL (covariate) 0.049 0.043 1.133 0.257 
In our study, there was a correlation between 0. ptychocheilus 
intensity and black spot intensity, as would be expected if both 
parasites accumulated over time. Several possibilities may explain 
this pattern. Because the littoral zone in Deming Lake is restricted 
to the lake margins, sympatric distribution of the snail hosts 
exposes minnows to both cercariae simultaneously. However, 
within that pattern, there is an effect of black spot on 0. 
ptychocheilus intensity in that the presence of black spot doubles 
the rate 0. ptychocheilus acquisition with respect to body length. 
It may be that infection by 1 parasite makes the host more 
susceptible to infection by the other parasite species. Another 
possibility is that individual differences among minnows may 
contribute to risk of infection (Poulin and Thomas, 1999). For 
example, differences in immunocompetence may cause some 
minnows to resist infection better than others (Schmid-Hempel, 
2008). A third possibility is that differences in overall activity 
levels or tendency for certain individuals to occupy areas where 
cercariae are likely to be encountered could explain the 
correlation of intensities between the 2 trematode species (Sih et 
aI., 2004). 
Although one could argue that the paucity of fish in our 
samples with intensities greater than 500 implies an upper limit on 
0. ptychocheilus intensity, prevalence nearing 100%, mean 
intensity of hundreds of metacercariae per host, and no 
measurable effect on anti-predator competence all indicate low 
impact of infection on the minnow host. There are 2 reasons why 
pathology may be strongly selected against in the 0. ptychochei-
lus-C. bulboglossa-fathead minnow system. First, fathead min-
nows are vulnerable to multiple predators, many of which are not 
birds (anisopteran odonates, belastomatid hemipterans, dytiscid 
coleopterans, garter snakes, and water shrews all occur in Deming 
Lake) and, therefore, would not serve as definitive hosts of 0. 
ptychocheilus or black spot. Compromised anti-predator compe-
tence that increased the probability of ingestion by a non-host 
predator would be fatal for the parasite (Barber et aI., 2000). 
Second, fathead minnows incur significant mortality from sources 
other than predation. Overwinter It],qrtality can be severe (47-
94%) due to low dissolved oxygen in small lakes with extended 
periods of ice cover (Danylchuk and Tonn, 2003, 2006). Under 
these conditions, additional physiological burden from parasites 
would result in differential mortality of parasitized minnows. In 
support of this hypothesis, 0. ptychocheilus did not cause minnow 
mortality at a range of infection intensities in a laboratory 
simulation of winter conditions (Sandland et aI., 200 I). However, 
black spot caused by Uvulifer ambloplitis can have this effect 
(Lemly and Esch, 1984), at least in juvenile bluegill sunfish. 
Second, because all fish in our trials were infected with, and 
potentially affected by, 0. ptychocheilus, there may not have been 
sufficient variation in escape performance to detect an effect of 
infection. If all minnows in our population are similarly impaired, 
then parasite infection may not impose a selection gradient on 
differential reproductive success. With elevated prevalence, 0. 
ptychocheilus infection may simply shift the mean behavioral 
phenotype of the whole population without creating discrete 
behavioral phenotypes (Poulin and Thomas, 1999). The negative 
data reported here leave open the potential for future studies to 
detect subtle, but nonetheless ecologically relevant, shifts in the 
behavioral phenotype of fathead minnows infected by 0. 
ptychocheilus and C. bulboglossa. 
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A NEW GENUS AND SPECIES OF PHILOPTERIDAE (PHTHIRAPTERA: ISCHNOCERA) 
FROM THE TRUMPETERS (AVES: GRUIFORMES: PSOPHIIDAE) 
Michel P. Valim* and Jason D. Weckstein 
Field Museum of Natural History, Department of Zoology, 1400 South Lake Shore Drive, Chicago, Illinois 60605. e-mail: mpvalim@hotmail.com 
ABSTRACT: A new chewing louse genus and species belonging to the Philopteridae, namely, Palmaellus inexpeetatus n. gen., n. sp., is 
described. The new genus is distinguished from the other ischnoceran genera hitherto described by its peculiar characters of the dorsal 
anterior head plate with 2 postero-Iateral projections, pterothorax and abdomen with scarce chaetotaxy, male genitalia with simple 
mesomere and paramere lacking inner digitiform projection, and the genital region of female with postero-vulvar plates bearing setae. 
It is a parasite of the trumpeters, an avian family endemic to South America's Amazon Basin. 
Currently, only 2 species of chewing lice, Psophiicola foedus 
(Nitzsch, 1866) and Eulaemobothrion gracile (Giebel, 1874), are 
known to parasitize the species of trumpeters (Psophia Linnaeus, 
1758), members of the avian Psophiidae (Gruiformes), endemic to 
the Amazon Basin. These 2 louse species are considered as 
widespread and known to parasitize many species of Psophia 
(Price et aI., 2003). Eulaemobothrion gracile is an amblyceran 
louse in the Laemobothriidae, whereas Psophiicola foedus, 
sometimes regarded as a Rallicola Johnston & Harrison, 1911 
species, is associated with the ischnoceran philopterids. The 
Philopteridae is the most specious family within the insect order 
Phthiraptera and encompasses approximately 55% of the total 
ischnoceran chewing louse species described. The philo pte rids 
include > 140 described genera (~46% of the generic diversity 
within Phthiraptera), with an exceptional diversity of morpho-
logical variation and habitat specialization on different regions of 
the host body (Price et aI., 2003; Mey, 2004). Most avian host 
species are parasitized by several species of philopterids, and often 
each of these philopterids specializes on a different region of the 
host body (Clay, 1949; Johnson and Clayton, 2003). 
Most recently described Phthiraptera genera from Philopter-
idae were erected from well-established generic complexes of 
species already characterized and described, e.g., the Philopterus-
complex (Mey, 2004). However, 2 recently described genera, 
Caracaricola (Mey and Gonzalez-Acuna, 2000) and Corcorides 
(Mey, 2004), were proposed based completely on newly discov-
ered distinct morpho types of lice. The new genus proposed here 
also is based on the discovery of a completely distinct morpho type 
within Philopteridae. 
The new genus herein described belongs to the Rallicola-
complex due the presence of 2 long and stout tubercle-bearing 
setae on the ventro-lateral edge of segment IX. The Rallicola-
complex is currently composed of 2 genera, Rallicola Johnston & 
Harrison, 1911 and Pessoaiella Guimaraes, 1940 (sensu Clay, 
1953). Rallicola is currently divided mto 3 subgenera, including 
the nominals Aptericola Harrison, 1915 and Huiacola Mey, 1990. 
However, there are 6 additional synonyms accepted by Clay 
(1953) and Price et al. (2003) for Rallicola, including Corvicola 
Carriker, 1949; Epipicus Carriker, 1949; Furnaricola Carriker, 
1944; Oncophorus Piaget, 1880 (nec Rudow, 1870); Parricola 
Harrison, 1915; and Psophiicola Eichler, 1982. Here, we follow the 
classification of the Rallicola-complex proposed by Price and 
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Emerson (1987). We suggest that Osculotes K6ler, 1939 is also a 
member of this complex because it has the defining feature of the 
Rallicola-complex, i.e., 2 long and stout tubercle-bearing setae on 
the ventro-lateral edge of segment IX and because our molecular 
analysis is also consistent with this hypothesis (see below). 
Further studies including both morphological and molecular data 
are needed to better resolve the generic limits within the 
heterogeneous Rallicola s.1. However, the morphological and 
molecular data presented herein are sufficient to distinguish the 
new genus from those included in this complex, as well as from 
other philopterid genera. 
MATERIAL AND METHODS 
We collected the specimens for this study by using the ethyl acetate 
fumigation technique as described in Bueter et al. (2009); additional 
specimens were obtained by ruffling bird skins. All of the specimens were 
mounted on slides following the procedures of Palma (1978). We used the 
nomenclature for cephalic setae as proposed by Clay (1951) as modified by 
Mey (1994). The somatic body parts measured and their abbreviations are 
as follows: preocular length (POL), preocular width (POW), temple width 
(TW), head length (HL), dorso-anterior plate length at midline (DPLM), 
dorso-anterior plate length at lateral (DPLL), dorso-anterior plate width 
(DPW), pro thorax length (PL), prothorax width (PW), metathorax length 
(ML), metathorax width (MW), abdomen width at segment V (AWV), 
paramera length (PAL), genitalia width at basal apodema (GW), genitalia 
length (GL), and total length (TL). All measurements are given in 
millimeters. Host names for Psophiidae follow Oppenheimer and Silveira 
(2009) and Ribas et al. (2011). 
The molecular methods used by us are the same as those described 
by Bueter et al. (2009) and modified by Valim and Weckstein (2011) 
to extract DNA and sequence a 379-base pair (bp) fragment of the 
mitochondrial cytochrome oxidase I (COl) gene and 347 bp of the nuclear 
elongation factor I-alpha (EFIIX) gene. We sequenced these genes from 
samples of the new genus collected from 2 distinct host species (Psophia 
dextralis and Psophia napensis) to assess and document their genetic 
distinctiveness and the phylogenetic relationship with other genera of 
Philopteridae. DNA sequences, voucher numbers, and locality data for 
sequences that we generated for this study are deposited in GenBank 
(JQ717179-194) and include data from the 2 specimens of the new genus and 1 
Apterieola gadowi s.l. ex Apteryx sp.; Rallieola (Parrieola) irediparrae Price & 
Emerson, 1987 ex Irediparra gallinacean (Temminck, 1828); Pessoaiella absita 
(Kellogg, 1910) ex Opisthoeomus hoazin (Statius Milller, 1776); Psophiieola 
foedus ex Psophia leucoptera Spix, 1825; Rallieola (Rallieola) advenus (Kellogg, 
1896) ex Fulica americana Gmelin, 1879; and Rallieola (Rallieola) kelloggi 
Emerson, 1957 ex Rallus limieola Vieillot, 1819. We constructed a 102 taxon 
generic level Philopteridae dataset by aligning our COl and EFIIX DNA 
sequences with Philopteridae and outgroup (3 lice from the ischnoceran 
trichodectids, goniodids, and heptapsogasterids) COl and EFIIX sequences 
published by Cruickshank et al. (200 I) (AF320353-56, AF320360--62, AF320365, 
AF320368, AF320371-72, AF320378--131, AF320384, AF320386-88, AF320393-
95, AF320399-400, AF320407, AF3204IO, AF320427, AF320432, AF320435, 
AF320437, AF320442-43, AF320448-49, AF320451, AF320454-55, AF320457, 
AF320461, AF320464--66, AF320468--{j9, AF320476-77); Johnson, Adams, et al. 
(2001) (AF348658--{jO, AF348665, AF348854); Johnson, Moyle et al. (2001) 
728 
(AF320445, AF348867, AF348871, AF356706, AF356708, AF356713, 
AF356717, AF356719-20, ~F356730, AF356737, ~F356744); Johnson, VVeck-
stein et al. (2002) (AF320434, AF320459-60, AF348666, AF444846, AF444849-
57, AF444859-61, AF444863, AF444866, AF444868, AF444872, AF444875, 
AF447184, AF447187, AF447190, AF447192, AF447194-98, AF447203, 
~F447207, AF447210); Johnson, ~dams, et al. (2002) (~YI49391, ~YI49400, 
~YI49404-06, ~YI49430, ~YI49434); Johnson, VVilliams et al. (2002) 
(AF414725, AF414764); Johnson and VVhiting (2002) (AF385OO3); Johnson 
et al. (2003) (AF348859, ~F444876, AF4978oo, AF545669, AF54567 1-75, 
~F545677, ~F545679, ~F545681, ~F545683-85, ~F545690, ~F545692, 
AF545695-97,AF54570I-02,AF545704,AF545711-12,AF545719,AF545729-
30,AF545734,AF545737-40,AF545743,AF545746,~F545748-50,AF545752, 
AF545755,AF545758-6I,AF545765-70,AF545775-76,AF545778,AF545780, 
AF545782-84, AF545790, AF545792, AF545796, AF545799, AF545802-04); 
Gayton et al. 2003 (PN~S) (~78641); and Smith et al. (2004) (AF396590, 
~Y314808, ~Y31481O, ~Y314814, ~Y314817-19, ~Y314824, ~Y314826, 
~Y314828, ~Y314833, ~Y314836-38, ~Y314840, ~Y314844). 
VVe used P~UP* (version 4.0bI0; Swofford, 2003) to calculate 
uncorrected p-distances between the 2 new genus COl sequences from 2 
different host species and to conduct a maximum parsimony (MP) 
heuristic search and bootstrap analysis of the combined 102 taxon matrix 
of COl and EFlcx data. For the MP heuristic search, we used tree bisection 
and reconnection branch swapping, stepwise addition, and 100 random 
addition replicates. For the MP bootstrap analysis, we performed 1,000 
bootstrap replicates with 10 random additions per replicate. VVe also used 
P~UP* to calculate tree length (TL), consistency index (CI), and retention 
index (RI) for the most parsimonious trees. 
For the maximum likelihood (ML) search, we determined the best fit 
model for the analysis by usingjModelTest (Guindon and Gascuel, 2003; 
Posada, 2008) and conducted the ML search and bootstrap analysis by 
using Garli v2.0 (Zwickl, 2006; http://garli.googiecode.com), which 
estimates model parameters that best fit the data during the analysis. 
VVe ran 5 independent search replicates by using the model TVM+I+G, 
each with a different starting point, and we considered the tree with the 
best likelihood score the best phylogenetic hypothesis. VVe performed 100 
bootstrap replicates with the same model to assess statistical support for 
nodes in the phylogeny. 
Holotypes of the new species are deposited in the Museu de Zoologia, 
University of Sao Paulo, Sao Paulo, Brazil (MZUSP), and paratypes and 
additional material are deposited in MZUSP and the Field Museum of 
Natural History, Chicago, Illinois (FMNH). DN~ voucher specimens for 
P. foedus (Rafo.1.3.20l1.4), P. inexpectatus (Gennov.Psvi. 1.3.2011.8 and 
Gennov.Pscr. 1.3.2011.10), R. (R) advenus (Raad.1.3.2011.11), R (R.) 
kelloggi (Rake. 1.3.201 1.13), P. absita (Peab.1.3.2011.22), R (P.) iredipar-
rae (Raire.3.3.2011.2), and A. gadowi s.l. (Rasp.Apsp.3.3.2011.4) are 
deposited in FMNH. For material collected in 2007, host specimen 
vouchers are deposited in the Museu Paraense Emilio Goeldi (MPEG); 
they are indicated by field numbers and, where available, specimen 
numbers. ~ll of the bird skins examined for lice are deposited in the 
FMNH. 
DESCRIPTIONS 
Palmaellus Valim and Weckstein, gen. nov. 
Diagnosis: ~nterior dorsal head plate with 2 posterior pointed 
projections, I on each side of plate (Fig. I). Pl;tte unique compared with 
all other philopterid genera. Most philopterid genera that specialize on 
living on host head possess only I medial posterior projection, or less 
often, with straight posterior margin. Ibidoecus Cummings, 1916 (not in 
Rallicola-complex), with 2 similar posterior projections, I on each side of 
anterior dorsal head plate; anterior dorsal head plate split medially into 2, 
whereas plate distinctly entire in new species (Fig. I). Furthermore, 
characters such as body size, body chaetotaxy, and male genitalia 
completely differentiate Ibidoecus and Palmaellus. 
Both sexes: Very small and stout specimens. Head as long as wide 
(Fig. I). Hyaline margin of forehead moderately developed and enclosing 
anterior dorsal head plate at anterior and lateral sides. ~nterior dorsal 
head plate entire and square-like, without traces of striations; with straight 
anterior margin and with 2 conspicuous posterior projections, I on each 
side of plate. ~nterior ventral head plate indistinct. Dorsal preantennal 
suture not dividing marginal carina, marginal carina short and reaching at 
most anterior ventral seta 3. Ventral carina longer than marginal carina, 
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reaching anterior setae 2 and ventral submarginal setae 2. ~nterior dorsal 
seta (a.d.s) long in males (-0.06) and almost indiscernible, but present in 
females; set on soft tegument of dorsal preantennal suture. ~nterior setae 
1-3 (a.sl, a.s2, a.s3) short (-0.02); anterior seta 2 (a.s.2) longer (-0.05-
0.10); anterior ventral setae I and 3 (a.v.sl, a.v.s3) sub-equal in length 
(-0.06-0.08). Ventral sub-marginal seta I (v.sm.sl) slightly longer (-0.06) 
than v.sm.s2 (-0.04). Conus distinct. ~ntennae filiform and essentially 
similar in both sexes. Eyes large, ocular seta (o.s) medium long (-0.03-
0.04); preocular (po.s) and marginal temporal-I (m.t.sl) setae shorter 
(-0.01-0.02); marginal temporal 2, 4, and 5 (m.t.s2, m.t.s4, m.t.s5) setae 
slightly longer (-0.03-0.04); marginal temporal setae 3 (m.t.s3) very long 
(-0.22-0.29). Dorsal sub-marginal seta (d.sm.s) and prenodal seta (pn.s) 
3x longer (-0.03) than preconal (pc.s) and preantennal (pa.s) setae 
«0.01), mandibular setae (md.s) medium long (-0.04). Postemporal 
(pt.s) and dorsal occipital (d.o.s) setae short (-0.01). See Figure I for 
detailed chaetotaxy. 
Prothorax entire, with slightly divergent sides and I postero-lateral seta 
(-0.10 long) on each side, plus 3 short anterior dorsal setae on each side 
(not pronotal marginal anterior setae, sensu Mey, 1994). Pterothorax not 
divided, each side with I short lateral seta, I long lateral trichobothrium 
(-0.12), I medium long sublateral (-0.04-0.07), 2 very long (-0.22-0.27), 
I sublateral and other posterior, and I medium long seta at posterior 
margin, on each side. Sternal plates very indistinct, more discernible in 
some specimens on mesosternum. One pair of long meso- and metasternal 
setae present. Legs without distinctive characters, on II-III outer dorsal 
setae very long and I claw much longer than other claw. 
~bdomen oval, with tergites II-VIII medially divided. Tergal plates as 
long and narrow triangles in shape, lacking posterior projection on 
postero-lateral margins. One row of medium long (-0.05-0.06) setae on 
each tergite II-VIII, tergite II without anterior pair of setae. Post-
spiracular setae very short (-0.02) and present only on segment VII, 
without tracks of associated sensillus. Sternites without central plates, 
except on VI in males; II-VI with row of medium long setae. Terminal 
segment rounded. 
Male: Genital opening set termino-dorsal. Genitalia distinctive, with 
long and slender paramera almost straight to slightly curved inward, with 
I submarginal sensillus and I terminal with seta barely discernible; long 
and simple meso soma occupying 2/3 of paramera length, with superficial 
rugosity in its posterior end represented by vestigial sensillae and 2 
submarginal sensillae with distinct setae. 
Female: Vulva convex, slightly concave medially. Vulvar margin with 
medium long setae and subterminal spiniform setae, with tubercle on 
ventro-lateral edge of segment IX bearing 2 long (rarely 3 on I side), stout 
setae. Below vulvar margin, postero-vulvar plates bearing long setae on 
each side. 
Nymphs: Unknown. 
Taxonomic summary 
Site of infection: Based on the body shape, probably the head and neck 
feathers. 
Location and hosts: South ~erica, trumpeters (Gruiformes: Psophii-
dae). 
Etymology: Named in honor to Ricardo L. Palma who is currently one 
of the leading authorities on the bird lice of the world and has made 
important contributions to our knowledge of both the taxonomy and 
evolutionary biology of this group. His efforts, friendship, and support 
have helped to motivate and encourage M.P.V. to endure in his studies of 
this group of insects. The suffix -ellus (L.), masculine, means small, and is 
used here in an affective way and because of the small body dimensions of 
this new genus. Gender masculine. 
Palmaellus inexpectatus Valim and Weckstein, gen. nov., sp. nov. 
(Figs. 1-7) 
Male: Habitus as in Figure 2. Features and chaetotaxy of head and 
thorax as indicated under generic description. ~bdominal tergal central 
setae for holotype: II-VIII, 2, but V, 3. Variation on males examined: lI-
111,4 and IV-V, 3 setae (2 specimens); and II-IV, 4; V, 3. Postspiracular 
setae short and present only on VII (Fig. 3). Pleural setae: II, 0; III-V, 2 
(both medium long, I ventral and another lateral); VI-VII, 3, (I medium 
long ventral and 2 very long lateral); VIII, 2 (both very long). Inner most 
pleural setae on segment VIII distinctly modified as a trichobothrium and 
set on plate (Fig. 3), not included in pleural setal account. Tergal setae on 
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FIGURES 1-4. Palmaellus inexpectatus gen. nov. et sp. nov. male. (1) Head, dorso-ventral views. (2) Habitus, dorso-ventral views. (3) Terminalia, 
dorso-ventral views. (4) Genitalia, dorsal view. 
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FIGURES 5-7. Palmaellus inexpectatus gen. nov. et sp. nov. female. (5) Habitus, dorso-ventral views. (6) Terminalia, dorso-ventral views. (7) Genital 
region, ventral view. 
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Psophiicola foedus (ex 
.----- Palmaellus inexpectatus ( 97 I ex Psophia napensis) 
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FIGURE 8. Maximum likelihood phylogram of the Rallicola-complex clade taken from the larger 102 taxon philopterid DNA dataset. Numbers above 
nodes (in bold) are maximum likelihood boostrap support, whereas those below the lines (in regular type) are maximum parsimony bootstrap support. 
Only support values >50 are shown on the trees. Arrow indicates the Rallicola-complex clade. 
tergite IX+X (Fig. 3): I long and I short on dorsal surface, with tergal 
plate surrounding their bases; I long and 2 short setae on lateral of 
segment IX+X, I of latter set latero-dorsally. Abdominal sterno-central 
setae: II-V, 2; VI, 3-4. Genitalia as illustrated in Figure 4. Measurements 
(n = 4): POL, 0.10-0.11; POW, 0.22-0.25; TW, 0.34-0.37; HL, 0.32-0.36; 
DPLM, 0.06-0.08; DPLL, 0.09-0.11; DPW, 0.10-0.11; PL, 0.13-0.14; 
PW, 0.23-0.26; ML, 0.09-0.10; MW, 0.29-0.33; AWV, 0.33-0.35; PAL, 
0.08-0.09; GW, 0.03-0.04; GL, 0.18-0.20; and TL, 0.84-0.90. 
Female: Habitus as in Figure 5. General aspects similar to male, but 
larger and with some dimorphic characters. Abdominal tergal central 
setae: II-VI, 4 (rarely 2 or 3 in I of segments); VII-VIII, 2. Rarely II-III, 
4; IV, VIII, 2. Tergal setae on tergite IX+X (Fig. 6): I long and I short on 
dorsal surface, with tergal plate surrounding their bases; I short setae and 
2 long on lateral of segment IX+X, I of latter set latero-dorsally, on each 
side. Post-spiracular as in males (Fig. 6), in I specimen present also on VI 
only on one side. Pleural setae: II, 0; III-IV, 3 (2 of them medium long 
ventral and I small lateral; rarely only lateral present); V-VIII, 3-4, (1-2 
medium long ventral and 2 very long lateral). Ventral medium long setae 
of pleural region set in distinct tubercules Wigs. 5, 6). Inner most pleural 
setae on segment VIII also modified to trichobothrium as in males 
(Fig. 6). Abdominal sterno-central setae: II, 2; III-VI, 4. Very indistinct 
rounded lateral plates present ventrally on segments III-VII. Vulvar 
region as illustrated in Figure 7. Genital region with 2 small setae on 
subgenital plate and 2 longer ones off plate (Figs. 6, 7), with 2-3 small 
setae postero-Iateral on each side. Vulvar margin with 29-40 medium long 
(-0.03) setae in 2 indistinct rows, plus 3-4 (rarely 2 in one side) 
subterminal spiniform setae on each side. Postero-vulvar plates with 9-12 
longer (-0.05-0.06) setae on each side. Presence of 2 (rarely 3) tubercle 
bearing setae (-0.06) on ventro-Iateral edge of segment IX, between 
vulvar margin and postero-vulvar plates, on each side. Measurements (n = 
8): POL, 0.11-0.13; POW, 0.24-0.26; TW, 0.37-0.40; HL, 0.35-0.36; 
DPLM, 0.07; DPLL, 0.10-0.11; DPW, 0.11-0.12; PL, 0.13-0.15; PW, 
0.26-0.28; ML, 0.10-0.12; MW, 0.35-0.37; AWV, 0.44-0.49; and TL, 
0.99-1.10. 
Taxonomic summary 
Type host: Psophia dextralis Conover, 1934 (Psophiidae), brown-winged 
trumpeter. 
Other hosts: Psophia crepitans Linnaeus, 1758; gray-winged trumpeter; 
Psophia napensis P. L. Sclater & Salvin; and 1873, gray-winged trumpeter 
napensis. 
Site of infection: Probably the feathers of head and neck. 
Type locality: Plot of the Brazilian Program for Biodiversity Research 
(PPBIO) (0I057'S, 51°36'W), Floresta Nacional (FLONA) do Caxiuana, 
Portel, Para, Brazil. 
Prevalence and mean intensity: Prevalence 50% and intensity 3.0 on P. 
dextralis; and prevalence 100% and intensity 6.0 on P. napensis. 
Other localities: Colombia and Surinam. 
Specimens deposited: 0' holotype, ex Psophia dextralis, PPBIO 107 
MPEG 61659, BRAZIL: Para, Portel, FLONA do Caxiuana, Plot PPBIO 
(0I057'S, 51°36'W), 17.1.2007, J. D. Weckstein col. Paratypes: 29 (1 female 
DNA voucher, Gennov.Psvi.1.3.2011.8), same data as holotype. Non-type 
material. 69 (1 female DNA voucher, Gennov.Pscr.1.3.2011.10), ex P. 
napensis, JAP 553 MPEG 62396, BRAZIL: Amazonas, Municipio Japura, 
Rio Acanaui, 25.VII.2007, J. D. Weckstein col. 10', ex P. crepitans, 
FMNH422924, SURINAM: Nickerie, Kayser Gebergte Airstrip, Zuid 
River, 23.VL2011, M. P. Valim col. (skin collected in IOXI.1960, H. A. 
Beatty col.). 20', ex. P. napensis, FMNH419487, COLOMBIA: Meta, 
Serrania de la Macarena, Rio Guapaya (330 m), 23.VI.2011, J. D. 
Weckstein col. (skin collected in 7.III.1957, K. von Sneidern col.). 
Repository: Male holotype and I female paratype taken off P. dextralis 
are deposited in MZUSP, I female paratype (DNA voucher) off P. 
dextralis in FMNH; I male and 3 females off P. napensis in MZUSP, I 
male off P. crepitans, and I male and 3 females (one DNA voucher) off P. 
napensis in FMNH. 
Etymology: The species name (an adjective in masculine form) refers to 
the unexpected nature of the discovery of a new species of chewing lice on 
the well-studied trumpeter hosts. 
DISCUSSION 
Morphological data indicate that Palmaellus gen. nov. is a 
novel morphotype, different from all other described philopterid 
genera. For example, the uniquely shaped anterior dorsal head 
plate with 2 posterior pointed projections (Fig. I) is not shared by 
any other described philopterid genera. Genetic data are also 
consistent with this unique morphology (Fig. 8). Uncorrected 
pairwise p-distances calculated from the COl and EFlcr sequences 
between the Palmaellus gen. nov. specimens and all other 
philopterid genera in our molecular data set show substantial 
differences, averaging 29.9% (range, 16.9-35.7%) for COl and 
12.6% (7.2-18.2%) for EFlcr. 
Palmaellus gen. nov. is provisionally monotypic. However, 
DNA sequences between the Palmaellus inexpeetatus gen. nov. et 
sp. nov. collected from the different host taxa (P. dextralis: DNA 
voucher Gennov.Psvi.1.3.2011.8 and P. napensis: DNA voucher 
Gennov .PscL1.3 .2011.1 0) and different geographic regions, differ 
at both COl and EF I cr by 15.3 and 1.4% uncorrected p-distance, 
respectively. Although these are moderate genetic differences, and 
sometimes enough for specific differentiation (e.g., Valim and 
Weckstein, 2011), there are no obvious morphological features 
that differ between these specimens and thus we are not certain 
whether the populations of Palmaellus gen. nov. found on these 
hosts are evolving on their own separate evolutionary trajectories. 
One possibility is that the small series of specimens available to us 
is not sufficient for discerning either discrete or quantitative 
morphological differences. In the future, a larger series of 
specimens for a deep morphological comparison and additional 
population level genetic data may clarify the species limits in this 
group. Thus, it is possible that more than I species level taxon is 
involved within this new genus. 
The new genus proposed exhibits several morphological 
characters that are consistent with it belonging to the Rallieola-
complex. Phylogenetic analysis of COl and EFlcr DNA sequences 
also support this hypothesis (Fig. 8). In all 5 MP trees (TL = 
7629, CI = 0.107, RI = 0.390), the 2 Palmaellus inexpeetatus gen. 
nov. et sp. nov. specimens are placed within a clade of Rallieola-
complex members that all share the presence of 2 long and stout 
tubercle bearing setae on ventro-Iateral edge of segment IX. These 
include Apterieola, Furnarieola, Rallieola (Rallieola), Rallicola 
(Parrieola), Pessoaiella, Psophiieola, and Oseulotes. The ML tree 
topology is similar and contains the same clade with slightly 
different internal relationships. Both MP and ML bootstrapping 
indicate strong statistical support for the node uniting the 2 P. 
inexpeetatus specimens. Neither analysis indicates strong statisti-
cal support for the monophyly of the Rallieola-complex including 
P. inexpeetatus gen. nov. et sp. nov. However, if this topology is 
correct, then the Rallicola-complex contains 4 Amazonian 
endemic lice, Oseulotes and Pessoaiella, and Psophiieola and 
Palmaellus gen. nov., which are found on Hoatzin (0. hoazin) and 
trumpeters (Psophia spp.), which are both Amazonian endemic 
bird lineages. 
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REDESCRIPTION AND NEW HOST RECORD OF CAPSALA LAEVIS (MONOGENOIDEA: 
CAPSALIDAE: CAPSALINAE) FROM GILL OF ROUNDSCALE SPEARFISH, TETRAPTURUS 
GEORGII (PERCIFORMES: ISTIOPHORIDAE) IN THE NORTHWESTERN ATLANTIC OCEAN 
Ann M. Barse and Stephen A. Bullard*t 
Department of Biological Sciences, Salisbury University, 1101 Camden Avenue, Salisbury, Maryland 21801. e-mail: ash.bul/ard@auburn.edu 
ABSTRACT: Specimens of a capsalid collected from the gill arches of 2 roundscale spearfish, Tetrapturus georgii Lowe, 1840, 
(Perciformes: Istiophoridae), captured in the northwestern Atlantic Ocean were identified as Capsala laevis (Verrill, 1875) Johnston, 
1929 by having the combination of papillae on the ventral surface of hap tor, dorsomarginal body sclerites in a single column extending 
the entire body length, haptoral accessory sclerites, conical papillae distributing over the ventral body surface, and an anterior 
attachment organ with a fimbriated posterior margin. The new specimens plus the holotype were used to conduct a taxonomic 
redescription of C. laevis using light and scanning electron microscopy. We documented that the holotype (USNPC No. 7179) and the 
new specimens of C. laevis from roundscale spearfish each had papillae on the ventral surface of the anterior attachment organs and 
sensory papillae on the dorsal body surface. Although data are insufficient at this time to justify proposal of a new species, the new 
specimens differed from the holotype and published accounts of C. laevis by having a sinistral dorsomarginal patch comprising 27-35 
sclerites whereas the holotype has a dorsomarginal patch comprising 60 sclerites. Capsala laevis morphologically most closely 
resembles Capsala ovalis (Goto, 1894) Price, 1938, but can be most easily differentiated from it by having dorsomarginal body sclerites. 
This represents the first record of any parasite from the recently taxonomically resurrected roundscale spearfish, long considered by 
some as a junior subjective synonym of white marlin, Tetrapturus albidus Poey, 1860 and, concomitantly, a new host record for 
Capsalidae Baird, 1853. An updated list of host records for C. laevis is provided. A perusal of that literature reveals that the identity of 
the type host for C. laevis is indeterminate beyond Istiophoridae species and that subsequent reports of the type host as 'T. albidus' are 
presumptuous (originally reported in 1875 by Verrill as "bill-fish" only). Our results indicated that 2 records of C. laevis from the 
swordfish, Xiphias gladius Linnaeus, 1758, (Perciformes: Xiphiidae) are dubious, i.e., study of the museum voucher USNPC No. 8154 
indicates that Linton's 1940 record from the northwestern Atlantic Ocean likely represents a new species of Capsala Bosc, 1811 and 
that the Kayi~ et al. 2010 record from the Aegean Sea likely depicts a species of Capsaloides Price, 1938. 
Billfishes (Xiphioidei) are among the most charismatic and sought 
after marine vertebrates, drawing considerable attention from the 
sport fish and seafood industries throughout their worldwide range. 
The billfishes are presently divided into 2 extant families comprising 
the monotypic Xiphiidae (for the swordfish, Xiphias gladius 
Linnaeus, 1758) and the remaining billfishes ofIstiophoridae, which 
includes 3 genera and 9 accepted species (Collette et al., 2006). 
Tetrapturus Rafmesque, 1810 includes white marlin, Tetrapturus 
albidus Poey, 1860; striped marlin, Tetrapturus audax (Philippi, 
1887); and all of the extant spearfishes: Mediterranean spearfish, 
Tetrapturus belone Rafinesque, 1810; longbill spearfish, Tetrapturus 
pjleugeri Robins and de Sylva, 1963; shortbill spearfish, Tetrapturus 
angustirostris Tanaka, 1915; and roundscale spearfish, Tetrapturus 
georgii Lowe, 1841 (see also Robins, 1974; Nakamura, 1985; Shivji 
et aI., 2006). According to Collette et aL (2006), spearfishes ,are 
the scarcest of istiophorids and, perhaps because of this, their 
ectoparasites are correspondingly less well known than the 
ectoparasites of congeneric marlins and other billfishes (Lawler, 
1981; Williams and Bunkley-Williams, 1996; Whittington, 2004; 
Chisholm and Whittington, 2007). Of those spearfishes, and based 
on molecular sequence data, roundscale spearfish is regarded as 
the most phylogenetically divergent (Collette et aI., 2006) and 
infrequently encountered species (Barse and Bullard, pers. obs.). 
However, it has recently come to light that the roundscale spearfish 
may in fact be the most commonly encountered of spearfishes, one 
whose identity has been overlooked for years due to its superficial 
resemblance to white marlin (Beerkircher et aI., 2009). 
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We recently had the rare opportunity to collect parasites from 
roundscale spearfish in the northwestern Atlantic Ocean. Herein, we 
describe the morphological features of those parasite specimens using 
light and scanning electron microscopy, provide an updated list of 
hosts for the parasite (Table I), and comment on its type host as well 
as on the taxonomy of a few related capsalids infecting billfishes. 
MATERIALS AND METHODS 
Two roundscale spearfish were sampled opportunistically at the weigh-
in dock (38°20.4'N, 75°05.0'W) designated for the 38th Annual White 
Marlin Open Tournament (Ocean City, Maryland) on 11 August 2011. 
The exact capture location of these roundscale spearfish, like most fishes 
landed at recreational fishing tournaments, was not made available to us 
but the fish were caught within 185 km of the Ocean City Inlet sea buoy 
(38.19°19.6'N, 75°05.6'W). Roundscale spearfish were morphologically 
identified in the field by having a bill that is rounded in cross-section, and 
the 2 specimens were distinguished from sympatric billfishes, e.g., white 
marlin and longbill spearfish, in possessing a combination oflateral scales 
with a rounded base and 2-3 lateral points, a first dorsal fin with a high 
anterior lobe that is rounded rather than sharply pointed and that rapidly 
slopes downward to a lower height, and a relatively greater distance from 
the anus to origin of first anal fin (Nakamura, 1985; Beerkircher et aI., 
2009). A l-cm3 piece of somatic muscle from each fish was preserved in the 
field in 95% EtOH, and our morphological identification was confirmed 
genetically by applying a species-specific PCR primer test for the 
mitochondrial NADH dehydrogenase 4 gene to those 2 samples (M. 
Shivji, pers. comm.). 
The gill, buccal cavity, and external body surface of the roundscale 
spearfish were carefully examined with the naked eye and monogenoids 
were removed from the fish using fine forceps, heat-killed with 
freshwater heated to 60 C, and immediately fixed in 10% neutral 
buffered formalin. Later, whole specimens were transferred to, and held 
in, a vial of 5% neutral buffered formalin, placed overnight in distilled 
water, stained overnight in Van Cleave's hematoxylin with several 
additional drops of Ehrlich's hematoxylin, made basic in 70% ethanol 
with lithium carbonate and butyl-amine, dehydrated, cleared in clove oil, 
and permanently mounted on over-sized glass slides using Canada 
balsam (Bullard et aI., 2004). The 4 specimens for scanning electron 
microscopy (SEM) were dehydrated, immersed in hexamethyldisilazane 
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TABLE 1. Records of Capsala laevis (Verrill, 1875) Johnston, 1929 (Monogenoidea: Capsalidae: Capsalinae) showing diversity of host species and 
geographic localities. Footnotes clarify some conflicting identifications of specimens. 
Host species 
Tetrapturus georgii Lowe, 
1840, roundscale spearfish 
Istiophoridae sp. (=type host) 
(as "bill-fish" only) 
Tetrapturus albidus Poey, 
1860, white marlin (also 
as Tetrapturus lessonae) 
Tetrapturus audax (Phillippi, 
1887), striped marlin (also 
as Tetrapturus tenuirostratus) 
Tetrapturus pfluegeri (Robins and 
de Sylva, 1963), longbill spearfish 
Makaira indica (Cuvier, 1832), 
black marlin (also as 
Histiophorus brevirostris) 
Makaira mazara (Jordan 
and Snyder, 1901), Indo-Pacific 
blue marlin 
Makaira nigricans Lacepede, 
1802, blue marlin 
/stiophorus platypterus (Shaw, 1792), 
sailfish (also as "Atlantic sailfish") 
Xiphias gladius Linnaeus, 
1758, swordfish 
Katsuwonus pelamis (Linnaeus, 1758), 
skipjack tuna (as Gymnosarda 
pelamys) 
Mola mola (Linnaeus, 1758), 
ocean sunfish 
Site in host 
Gill arches 
In mouth 
Gill arches 
Body, gills, and 
inside mouth 
Body surface 
Body, gills, and 
inside mouth 
Not reported 
Not reported 
Not reported 
Body, gills and 
inside mouth 
Alcoholic material 
from gill 
Gills 
Gills 
Skin 
Geographic locality Museum no.(s) 
Northwestern Atlantic USNPC 
Ocean; landed at Ocean Nos. 105628, 
City, Maryland 105629 
Block Island, Rhode Island, USNPC 7179 
USA (NW Atlantic Ocean) ( = holotype) 
Concarneau, France Not reported 
(NE Atlantic Ocean) 
La Parguera, Puerto Rico USNPC 81999* 
(Caribbean Sea) 
Gulf of Mannar, India CMFRIt 
(Indian Ocean) 
Aguadilla, Puerto Rico Not reported 
(Caribbean Sea) 
Madras, India (Bay of Not reported 
Bengal, Indian Ocean) 
Cape Recife, South HWML44299t 
Mrica (SW Indian Ocean) 
Not reported GL 212198 
La Parguera and USNPC 
Desecheo Island, Puerto 82000-82003§ 
Rico (Caribbean Sea) 
Arecibo, Puerto Rico Not reported 
(Caribbean Sea) 
Woods Hole, Massachusetts USNPC 815411 
(NW Atlantic Ocean) 
Ayvacik, <;anakkale, Turkey Not reported# 
(Aegean Sea, 
Mediterranean Sea) 
South of Martha's Vineyard, USNPC 4878'11 
Massachusetts, USA 
(NW Atlantic Ocean) 
Off South Africa HWML 1453 
(SE Atlantic Ocean) 
• Chisholm and Whittington (2007) re-identified M1579-4 as Capsaloides nairagi and MI579-5, -6, and -8 as Capsaloides cornutus. 
t Central Marine Fisheries Research Institute, Mandapam Camp, India. 
t Chisholm and Whittington (2007) reported as "cannot ID." 
§ Chisholm and Whittington [2007] re-identified USNPC 82001 as Capsala pricei. 
II Likely a new species of Capsala (see Discussion). 
# Likely Capsaloides sp. (see Discussion). 
'If Re-identified as Capsala lin toni by Price (1939). 
Reference(s) 
Present study 
Verrill, 1875 
Dollfus, 1949 
Dyer et aI., 1992 
(as Tristomella laevis) 
Devaraj, 1976 
Williams and Bunkley-
Williams, 1996 (as T. laevis) 
Bell, 1891 (as Tristomum 
histiophori; syn. of Capsala 
laevis in Goto [1894]) 
Pritchard, 1961 (as T. laevis) 
Chisholm & Whittington, 
2007 (originally as 
Tristomella price!) 
Dyer et aI., 1992 (as 
Tristomella laevis) 
Williams and Bunkley-Williams, 
1996 (as Tristomella laevis) 
Linton, 1940 
Kayi§ et aI., 2010 
(as Tristomella laevis) 
Linton, 1898 
(as Tristomum laeve) 
Chisholm and Whittington, 2007 
(originally as Capsala martinierel) 
for 30 min, air dried for 45 min, and sputter-coated with 15 nm gold 
palladium. Illustrations of stained, whole-mounted specimens were made 
with the aid of a Leica DM-2500 (Leica, Wetzler, Germany) equipped 
with differential interference contrast (DIC) optical components and a 
drawing tube (Bullard and Jensen, 2008; Bullard, 2010). Photographs of 
whole-mounted specimens were made on that microscope using a digital, 
single-lens reflex camera. Parasite measurements are herein reported in 
micrometers (I!m) followed by their mean and the number measured in 
parentheses. Counts and measurements of structures in the holotype of 
C. laevis (Verrill, 1875) Johnston, 1929 (USNPC No. 7179), when 
visible, are reported in square brackets immediately following those 
measurements. Scientific names, taxonomic authorities, and dates for 
fish taxa follow Eschmeyer (2010). Higher-level fish classification 
and nomenclature follows Nelson (2006) and Collette et aI. (2006). 
Classification and anatomical terms for the parasites were crafted in 
light of those used by Chisholm and Whittington (2006; 2007). 
REDESCRIPTION 
Capsa/a /aevis (Verrill, 1875) Johnston, 1929 
(Figs. 1-30) 
Diagnosis (based on the holotype of Capsala laevis [USNPC No. 7179] 
plus 3 stained, whole-mounted voucher specimens [USNPC Nos. 105628-
105629] and 4 sputter-coated specimens from the gill arches of 2 roundscale 
spearfish, Tetrapturus georgii): Body opaque in life, lacking pinkish or 
reddish coloration, approximately discoid, having smooth-surfaced and 
equally-rounded edges lacking scalloped margins, 12,360-17,300 (14,306; 
3) [8,010] long including haptor or 10,950-15,860 (12,836; 3) [7,350] 
excluding haptor, 11,120-14,000 (12,606; 3) [6,500] in maximum width or 
1.04-1.24 [1.13] X longer than wide, with 2 pairs of eyespots dorsal to 
mouth, surface bearing papillae dorsally and ventrally (Figs. 1, 6--8, 17-
23). Dorsal papillae covered by hair-like probable sensilla (Figs. 22, 23), 
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FIGURES 1-3. Capsala laevis (Verrill, 1875) Johnston, 1929 (Monogenoidea: Capsalidae: Capsalinae) from the northwestern Atlantic Ocean. Scale 
values beside each bar. (1) Body of adult specimen (RSS-3; USNPC No. 105629) from gill of roundscale spearfish, Tetrapturus georgii Lowe, 1841 
(Perciformes: Istiophoridae). Sinistral anterior attachment organ (aa), fimbria (fim) of dextral anterior attachment organ, mouth (m), ventral papillae of 
anterior attachment organ (vp; note that center lacks papillae), anterior and posterior extent of the patch of small dorsolateral body sclerites (patch), 
pharynx (p), nerve (n), intestine (i), dorsomarginal body sclerites (dbs), transverse vitelline duct (tvd), vitelline follicles (vf), vitelline duct (vid), testes (t), 
haptoral marginal membrane (mm), haptoral'c'entralloculus (c1), haptoral accessory sclerites (as). (2) Accessory sclerites of holotype (USNPC No. 7179) 
from gill of Istiophoridae sp. (3) Accessory sclerites of voucher specimen (RSS-3; USNPC No. 105629). 
distributing sporadically but most obvious about the anterior attachment 
organs and haptoral peduncle (Fig. 22), 10-20 (15; 30) [25] wide at base, 
22-40 (25; 30) [25] long (Figs. 6, 23); ventral papillae lacking comparable 
hair-like surface of dorsal papillae (Figs. 18-20), conical or knob-like, 20-
100 wide at base; no ventral papillae between haptor and ventral body 
surface and absent from region immediately anterior to haptor (Figs. 7, 
17-20). Anterior attachment organs bilaterally symmetrical, 2,250-3,060 
(2,682; 6) [1,680] in diameter, connecting with body in center of 
attachment organ, circular or oblong, strongly ventrally concave, bearing 
numerous ventral papillae (Figs. 1, 8, 21); ventral papillae of anterior 
attachment organ distributing primarily lateral to strongly concave central 
portion of sucker, each having a nearly indistinct pore at apex of papilla, 
10-20 (15; 10) [15] in maximum width; rim of anterior attachment organ 
fimbriated around posteromedial 2700 or two-thirds of sucker rim 
(Figs. 1, 9, 24-26); slender processes of fimbria each 85-220 (110; 6) 
[105] long, 13-15 (13; 30) wide at base, connecting to rim of anterior 
attachment organ directly in anterior portion (Figs. 24, 25) or by a 
peduncle in posterior portion (Fig. 26). Haptor circular, 4,520-5,400 
(4,940; 3) [2,800] long (excluding marginal membrane) or 34-42% [38%] 
body length, extending beyond posterior body margin 1,410-1,560 (1,470; 
3) [1,400] or 9-13% (12%; 3) [19%] of body length, having 4 anterior 
loculi, 3 posterior loculi, and 1 keyhole-shaped central loculus, having 
marginal membrane, with ventral papillae, including 1 pair of accessory 
sclerites (Figs. 1-3, 27). Marginal membrane scalloped, of uniform width 
around haptor rim, 290-340 (320; 3) [200] wide, having approximately 
168-230 (193; 3) scallops total, comprising a series of overlapping lamellar 
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FIGURES 4-5. Genitalia of Capsa/a /aevis (Verrill, 1875) Johnston, 1929 (Monogenoidea: Capsa1idae: Capsa1inae) from the northwestern Atlantic 
Ocean, ventral views, both illustrations are same scale. Vasa efferentia (ve), vas deferens (vd), dextral loop of vas deferens (Ivd), tightly coiled ascending 
portion of vas deferens (cvd), entry point of vas deferens to cirrus sac (ent), male accessory gland reservoir (agr), cirrus sac (cs), ejaculatory duct (ed), 
inverted cirrus (ic), everted cirrus (ec), vaginal pore (vp), distal vagina (dv), proximal vagina (pv), seminal receptacle (sr), vitelline ducts (vit), vitelline 
reservoir (vr), transverse vitelline duct (tvd), ovary lobes (01), germarium (g), oviduct (ov), ovo-vitelline duct (ovd), ootype (00), uterus (u), uterine pore 
(up). (4) Holotype (USNPC No. 7179) from gill of Istiophoridae sp. (5) Voucher specimen (RSS-1; USNPC No. 105628) from gill of roundscale 
spearfish, Tetrapturus georgii Lowe, 1841 (Perciformes: Istiophoridae). 
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FIGURES 6-16. Capsala laevis (Verrill, 1875) Johnston, 1929 (Monogenoidea: Capsalidae: Capsalinae) from gill of roundscale spearfish, Tetrapturus 
georgii Lowe, 1841 (Perciformes: Istiophoridae) (RSS-I, 2, 3; USNPC Nos. 105628-29) and Istiophoridae sp. (holotype, USNPC No. 7179) from the 
northwestern Atlantic Ocean; light micrographs of whole-mounted specimens. Scale values beside each bar. (6) Papillae of dorsal body surface of 
holotype, dorsal view. (7) Papillae of ventral body surface (at level of genitalia) of holotype, ventral view. (8) Papillae on ventral surface of sinistral 
anterior attachment organ showing field of peripheral papillae and central region of sucker (*slightly out of focus) that has many fewer papillae, voucher 
RSS-2; ventral view. (9) Slender processes of fimbria of posterior margin of anterior attachment organ, voucher RSS-I, ventral view. (10) Haptoral 
marginal membrane, voucher RSS-2, ventral view. (11) Dense patch of dorsomarginal body sclerites just posterior to sinistral anterior attachment organ, 
voucher RSS-l , dorsal view. (12) Dense patch of dorsomarginal body sclerites just posterior to sinistral anterior attachment organ, holotype, dorsal 
view. (13) Antero-dextral dorsomarginal body sclerite, voucher RSS-2; note that the sclerite resides within a tegumental pocket, dorsal view. (14) Antero-
dextral dorsomarginal body sclerite from holotype, dorsal view. (IS) Postero-sinistral dorsomarginal body sclerite from holotype, dorsal view. (16) 
Higher magnification view of dorsomarginal body sclerites from Figure II , dorsal view. 
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FIGURES 17-30. Capsa/a /aevis (Verrill, 1875) Johnston, 1929 (Monogenoidea: Capsalidae: Capsalinae) from roundscale spearfish, Tetrapturus 
georgii Lowe, 1841 (Perciformes: Istiophoridae); scanning electron micrographs. Scale values beside each bar. (17) Papillae on ventral body surface 
between anterior attachment organs (extreme anterior end of worm at right). (18) Papillae on ventral body surface immediately posterior to anterior 
attachment organ. (19) Papillae on ventral body surface at level posterior to cirrus sac. (20) Papillae on ventral body surface anterior to haptor. (21) 
Papillae on ventral surface of anterior attachment organ (*right side of image is the central, apapillate portion of the sucker). (22) Dorsum of posterior 
region of body showing numerous large papillae. (23) Higher magnification view of a papilla from Figure 22. Note that the surface of the papilla is 
covered by hair-like projections that may comprise 'sensilla.' (24) Anterior-most slender processes of fimbria on sinistral anterior attachment organ. (25) 
Medial slender processes of fimbria on sinistral anterior attachment organ. (26) Posterior-most slender processes of fimbria on sinistral anterior 
attachment organ; note presence ofpedunde-like connections (*) between processes and sucker rim. (27) Haptor showing marginal membrane, haptoral 
extensions of haptor tegument that form a contiguous gasket, lacking 
fimbria (Figs. 1, 10, 27,28). Haptoral septa relatively narrow, bearing 
small papillae along ridge, none appearing bifid where connecting to 
haptoral rim (Figs. 1, 27). Papillae of loculi relatively small, distributing 
along periphery of haptor medial to marginal membrane (Fig. 27), lacking 
from within, or lateral to, central loculus, variable in size, 15-40 (20; 10) 
[30] wide at base. Accessory sclerites with sharp, exposed point directing 
anteriorly, slightly bent laterad, juxtaposed, approximately equal in total 
length and thickness, 710-840 (793; 6) [500, 475] long or 15-17% (16%; 6) 
[18%] of haptor diameter, 80-100 (93; 6) [50, 50] thick, protruding from 
haptor ventral surface at posterior corners of central loculus (Figs. 2, 3); 
marginal hooklets not evident. Irregularly-spaced dorsomarginal body 
sclerites distributing in uneven dextral and sinistral columns extending 
entire body length, approximately 200-250 (225; 2) [135] from body 
margin (Figs. 1, 11-16); dorsomarginal sclerites each residing within a 
tegumental pocket (Figs. 13-15); dextral column having a total of 28-35 
(34; 3) [36] sclerites having 3 or 4 cusps (with some dorsomarginal sclerites 
appearing broken and falsely giving a count of 1 or 2 cusps), extending 
posteriad and dorsal to haptor, with at least 2 sclerites dorsal to haptor; 
sinistral column having a total of 53-61 (57; 3) [90] sclerites, including 
dense patch of sclerites (Figs. 1, 11, 12); body margin anterior to dense 
patch of sclerites having 2-5 (4; 3) [3] sclerites each having 3 or 4 cusps; 
region of dense patch having 27-35 (30; 3) [60] sclerites approximately half 
the size of other dorsomarginal sclerites outside patch and having 2-3 [2-
4] cusps, extending 1,975-2,250 (2,108; 3) [1,720] or 14--18% (17%; 3) 
[22%] of body length along margin from level of posterior margin of 
sinistral anterior attachment organ to level of ootype (Figs. 1, 11, 12); 
body margin posterior to region of dense patch having 21-25 (23; 3) [28] 
sclerites having 3 or 4 cusps, with 2 [4] sclerites dorsal to haptor (Fig. 1). 
Mouth 700 [600] wide (Figs. 1,29). Pharynx 1,290-1,600 (1,430; 3) [700] 
long, 1,400-1,760 (1,560; 3) [970] wide, extensively papillate around rim of 
pharynx plus and within opening to esophagus (Fig. 29), connecting with 
esophagus posteromedially; papillae of pharynx approximately 100 long, 
45 wide (Fig. 29). Intestine thin-walled, approximately 5 thick, with highly 
dendritic secondary branches extending laterad and mediad from 2 
primary crura 140-200 (150; 3) in maximum width; secondary branches 
terminating approximately 300-400 (350; 3) from lateral body margin. 
Nerve system comprising 2 sets of paired cords and myriad secondary 
branches entwining with intestinal branches (Fig. 1); paired cords 100 in 
maximum width, extending nearly entire length of body; secondary 
branches 25 in maximum width, extending laterally and medially, running 
dorsal and ventral to intestine; nerve tissue non-staining with hematoxylin, 
appearing highly refractory and whispy with DIC. 
Testes extensive, tightly packed, dorsal to nerve, numbering approxi-
mately 453-477 (465; 3), having approximately 4--6 lobes each, 100-300 
(217; 30) in diameter (Fig. 1); testicular field terminating approximately 
1,400-1,700 (1,650; 3) from lateral body margin, 5,690-6,700 (6,130; 3) 
long or 42-55% body length, 8,220-9,700 (9,006; 3) wide or 69-74% (72%; 
3) of body width, extending to level of anterior attachment organs, 
extending posteriad to level of haptor, coextensive with intestine, nerve, 
and vitelline ducts. Vasa efferentia ventral to testicular field, extensively 
branched, collecting anteriorly and forming common duct overlapping 
sinistral portion of ovary (Figs. 1, 4, 5). Vas deferens ventral to ovary, 
extending anteriad from sinistral portion of ovary, traversing midline 
immediately anterior to ovary, looping in the dextral portion of body; 
loop is 1,500-2,100 (1,827; 3) [930] long or 13-17% (14%; 3) [14%] of 
maximum body width, 150-200 (173; 3) [l00] in maximum width, 
extending anteriad as a tightly coiled tube ill.8inistral portion of body 
before curving medially and dorsal to cirrus sac, entering posterior half 
(proximal portion) of cirrus sac (Figs. 1, 4, 5). Cirrus sac 2,350-3,080 
(2,826; 3) [1,600] long or 21-24% (22%; 3) [25%] of body width, 550-720 
(640; 3) [225] in maximum width, enveloping accessory gland reservoir and 
cirrus, having wall 25-30 (28; 3) [25] thick; male accessory gland reservoir 
straight (if cirrus everted; Figs. 5, 30) or convoluted (if cirrus not everted; 
Fig. 4), 650-900 (775) long or 30-80% of cirrus sac length, 150-195 (168; 
3) in maximum width; cirrus extensively papillate for entire length, having 
BARSE AND BULLARD-ROUNDSCALE SPEARFISH CAPSALID 741 
shaft and bulb; shaft 550 long, 270 wide; bulb spheroid, 450 in diameter 
(Figs. 5, 30); cirrus papillae each approximately 30 wide (Fig. 30). Male 
genital pore lateral to pharynx, immediately posterior to sinistral anterior 
attachment organ, 2,600-2,700 (2,650; 2) [2,240] or approximately 24% 
[30%] of body length from anterior body end (Figs. 1,4, 5). 
Ovary medial, lobed, immediately posterior to transverse loop of vas 
deferens, 1,000-1,900 (1,366; 3) [l,100] long or 8-16% (11 %; 3) [15%] of 
body length, 1,030-1,950 (1,527; 3) [600] wide or 8-14% (12%; 3) [9%] of 
body width, enclosing a germarium 300 (2) long and 600-900 (750; 2) wide 
(Figs. 1, 4, 5). Oviduct extending directly anteriad from germarium, 
curving sinistrad and connecting with the short duct 55-100 (76; 3) long 
and 20-35 (27; 3) wide and extending from vitelline reservoir dorsal to vas 
deferens (Figs. 4, 5). Vitellarium comprising vitelline follicles and 
corresponding collecting ducts that coalesce to form transverse vitelline 
duct and accompanying vitelline reservoir; vitelline follicles extensive, 
forming a continuous layer principally dorsal to all other internal anatomy 
but occupying spaces between testes, gut, and nerve, each 40-60 (50; 10) in 
diameter, containing gold-colored granular material, most obvious in 
lateral regions of body (Fig. 1); vitelline ducts extremely thin-walled with 
smaller ducts approximately 20 wide, terminating near distal tips of 
intestine in lateral body margin, combining to form larger ducts medially 
and anterior to ovary; transverse vitelline duct extending 2,000-2,350 
(2,150; 3) across width of body or 15-19% (17%; 3) of body width, 100-
500 (290; 3) wide; vitelline reservoir sinistral, a distinct chamber not a 
simple expansion of transverse vitelline duct, variable in size depending on 
volume of vitelline material it contains, 320-550 (420; 3) [350] in diameter, 
dorsal to transverse vitelline duct (Figs. 1,4, 5). Vaginal pore sinistral, at 
level of esophagus, posterior to male genital pore (Figs. 4, 5). Vagina 
1,100-1,400 (1,267; 3) long, comprising distal and proximal portions plus a 
seminal receptacle; distal portion of vagina a narrow tube communicating 
with vaginal pore, 800-1,000 (867; 3) long or 62-73% (69%; 3) of total 
vagina length, 20 wide, with glandular wall 50-70 (60; 3) thick; proximal 
vagina 300-500 (400; 3) long or 27-38% (31 %; 3) of total vagina length, 
300-500 (400; 3) wide; seminal receptacle extending 255-450 (352; 3) 
posteriad from proximal portion of vagina, beginning as a narrow and 
convoluted tube 25 wide, expanding with sperm and becoming 175-185 
(183; 3) in maximum width, constricting to a narrow tube 15 wide that 
lacks darkly staining aggregates of sperm and connects with vitelline 
re~ervoir ventrally. Ovo-vitelline duct extending 450-500 (475; 3) before 
connecting with ootype, 35-60 (45; 3) wide (Figs. 4, 5). Ootype 700-740 
(717; 3) [420] long, 350-400 (367; 3) [155] wide, occupying space between 
cirrus sac and tightly coiled ascending portion of vas deferens, distal 
portion of ootype having a flap demarcating it from uterus; uterus a 
simple tube extending 640-735 (675; 3) anteriad from ootype and opening 
immediately posterior to male genital pore (Figs. 4, 5). 
Taxonomic summary 
Type host: Istiophoridae sp. (originally reported by Verrill 
[1875] as "bill-fish" only). 
Type locality: Northwestern Atlantic Ocean; Block Island 
Sound between Point Judith (Narragansett, Rhode Island) and 
Race Point (Fisher's Island, New York). 
Sites of infection and other host species: Table I. 
Rem"rks 
Capsala laevis is currently defined as having a single longitu-
dinal row (=column) of dorsomarginal body sclerites, each with 
3-4 cusps, a small patch of multicuspid sclerites on the sinistral 
body margin posterior to the genital pore, irregularly distributed 
ventral body surface papillae that are conical, and "finger-like 
projections" (=slender processes of fimbria) on the posterior 
margin of the anterior attachment organs (Chisholm and 
septa and loculi, and papillae distributing laterally to central loculus (*). (28) Marginal membrane. (29) Mouth and papillate pharynx, showing smaller 
papillae extending from rim of pharynx as well as larger papillae within pharynx. (30) Partially everted cirrus, showing papillae on shaft. 
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Whittington, 2007). Our specimens from roundscale spearfish 
have each of these diagnostic features (see Redescription). Despite 
a focused attempt to detect a significant morphological difference 
between our specimens from roundscale spearfish and the 
holotype of C. laevis (USNPC 7179) from Istiophoridae sp., we 
found only a few seemingly slight differences, none of which 
currently justifies the proposal of a new species, despite round-
scale spearfish comprising a new host record for capsalid 
monogenoids. The newly collected specimens of C. laevis differed 
from the holotype by having a sinistral dense patch of 
dorsomarginal body sclerites comprising 27-35 sclerites (Figs. 1, 
11) rather than comprising the 60 sclerites (Fig. 12) in the 
holotype, which is a much smaller specimen. We think that the 
other morphometric differences are simply related to the small 
size of the holotype, as indicated by the fact that most ratios or 
proportions for the holotype are within or near the range of the 
newly collected specimens. 
We identified a few taxonomically important morphological 
features previously not ascribed to C. laevis. First, the anterior 
attachment organs have papillae on the ventral surface between the 
central concavity of the sucker and the margin of the sucker 
(Figs. 1,8,21). These papillae could be sensory in nature because 
each one has a pore-like structure at its apex. Some monogenoids 
have such sensory papillae associated with the ventral surface of the 
haptor or anterior attachment organs (Lyons, 1972), and we 
suspect that SEM would reveal that other Capsala spp. have such 
sense papillae associated with their anterior attachment organs. 
Alternatively, however, it seems just as likely that these pores could 
facilitate exudation of an adhesive. Second, well-developed papillae 
are indeed present on the dorsum of C. laevis (Figs. 6, 22, 23). 
These papillae give us the impression that they, too, are sensory in 
nature because they are covered with abundant hair-like structures 
which perhaps function as "sensory sensilla" (Lyons, 1972). The 
structures are somewhat variable in shape, and no clear pattern or 
arrangement of these probable sensory papillae was detectable in 
the specimens we studied. The condition of the holotype makes it 
easily understandable as to why these features have been previously 
overlooked. Based on these results, it is clear to us that C. laevis has 
several morphologically and functionally distinct, i.e., not homol-
ogous, papillae on the body. Hence, we have described distip.ctive 
'papillae' having a probable sensory function associated with both 
the dorsum as well as the ventral surface of the anterior attachment 
organs. Transmission electron microscopy of those sites might shed 
light on the fine-scale anatomy of these structures, which are likely 
to represent important taxonomic characters for capsalids. 
Importantly, and regarding phylogenetic studies of Capsala spp., 
morphology (present study) indicates that the 'dorsal body 
papillae' are not homologous to the 'ventral body papillae.' 
Capsala laevis is morphologically most similar to C. ovalis 
(Goto, 1894) Price, 1938, and it is noteworthy that the distinctness 
of C. laevis and C. ovalis has been questioned in the taxonomic 
literature. Chisholm and Whittington (2007) provided a useful 
description of the taxonomic status of C. ovalis (Goto, 1894) 
Johnston, 1929 (originally Tristomum ovale Goto, 1894), which 
was originally reported from the mouth cavity of Indo-Pacific 
sailfish, Istiophorus platypterus (Shaw, 1792) (as Histiophorous 
orientalis), "Histiophorus sp.," and "perhaps a species of Cybium" 
off Misaki (western Pacific Ocean off Japan). Goto's (1894) 
description of C. ovalis is detailed, but apparently no type 
material exists, which has caused problems. Goto (1899) states 
that Verrill and Bell (Table I) loaned their type materials of C. 
laevis and Tristomum histiophori Bell, 1891 (respectively) to him 
and, after comparing those materials to his own specimens, he 
effectively considered C. ovalis and T. histiophori as junior 
subjective synonyms of C. laevis (as Tristomum leve Verrill) (see 
also Setti, 1899). Yamaguti (1968) illustrated specimens that he 
took to be C. ovalis but, according to Chisholm and Whittington 
(2007), may have been C. laevis because they had ventral body 
surface papillae, 2 columns of dorsomarginal sclerites, and a 
sinistral patch of dorsomarginal sclerites. Chisholm and Whit-
tington (2007) distinguished C. ovalis from C. laevis by the fact 
that Goto (1894) detailed papillae on the ventral surface of the 
anterior attachment organ of C. ovalis. However, and as already 
described by Price (1938), the holotype of C. laevis, as well as our 
specimens of C. laevis from roundscale spearfish, both have 
papillae on the ventral surface of the anterior attachment organ, 
indicating that this feature is not unique to C. o valis. Goto's 
(1894) illustration of these papillae, if not stylized, shows that they 
are proportionally much larger than the ones we observed in the 
holotype of C. laevis and our specimens from roundscale 
spearfish. Moreover, the distribution of the papillae in C. ovalis 
seems markedly distinct from C. laevis; Goto's (1894) illustration 
of C. ovalis shows that the papillae are evenly distributed across 
the ventral surface of the anterior attachment organ whereas, in 
the holotype and our specimens of C. laevis, the papillae are 
absent from the central portion of the sucker and relegated to its 
periphery (Figs. 1, 21). Further differentiating these species is the 
presence-absence of a fimbria on the trailing edge of the anterior 
attachment organ, which is present in C. laevis and reportedly 
absent in C. ovalis. Given the results of the present study and the 
highly detailed nature of Goto's illustrations, we are now curious 
if the size and distribution of the ventral papillae of the anterior 
attachment organ in Capsala spp. might be useful diagnostic 
features. 
As a seemingly minor point, we have observed that previous 
authors have mistaken the nerve system of capsalids for the 
intestine or vice versa. Not infrequently, the intestine is stylized as 
having 2 sets of paired cords, but this is incorrect. In other 
instances, the nerVe system is not illustrated completely but is 
meshed with the stylized depiction of the intestine. The intestine 
and nerve system are quite distinct, i.e., the intestine being 
extremely thin-walled, appearing hollow (non-staining) in some 
portions or filled with ingested contents in others; whereas the 
nerve is a solid structure that lacks a lumen, appears whispy or 
striated when viewed with DIC microscopy, and is ventral to the 
intestine. Those features in C. laevis, as we have illustrated them 
herein, seemingly fit the general pattern in the Capsala spp. familiar 
to us. The stacking of nerve, intestine, vitelline ducts, vitelline 
follicles, and testes in species of Capsala makes the differentiation 
of these various systems challenging; however, perhaps some of 
these features eventually could be used to differentiate genera or 
species, e.g., these features in digeneans are used variously to 
diagnose families, genera, and species. Hence, we think that it is 
important to illustrate them, describe them, and not confuse them. 
DISCUSSION 
At first glance of the literature, one could have the impression 
that C. laevis has been well characterized morphologically; 
however, perusal of these works reveals that a detailed anatomic 
study of this species, one that includes critical study of the 
holotype, is lacking. The subsequent problems with, results of, 
and recommendations about the taxonomy of C. laevis and 
congeners have been detailed by Goto (1894; 1899), Setti (1899), 
Johnston (1929), Price (1938), Linton (1940), Dollfus (1949), 
Devaraj (1976), Lamothe-Argumedo (1997), and Chisholm and 
Whittington (2007). Originally, as part of a large taxonomic 
survey of invertebrate marine life found off the coast of the 
northeastern United States, Verrill (1875) included the mono-
genoids Tristoma laeve (syn. C. laevis) from "mouth of bill-fish," 
Tristoma cornutum (syn. Capsaloides cornutus [Verrill, 1875] Price, 
1938) "on gills of bill-fish (Tetrapturus albidus)," and a species of 
Nitzschia Baer, 1826 (probably Nitzschia superba MacCallum, 
1921 but reported as Nitzschia elegans Baer, 1826) "on gills of 
sturgeon (Acipenser oxyrhynchus Mitchell)." In this remarkable 
publication (including descriptions of hundreds of primarily free-
living invertebrates), Verrill did not provide a figure of a 
monogenoid nor did his narrative describe the anatomy of these 
species in enough detail to help distinguish them from the tens of 
additional species of Capsala Bosc, 1811 described since 1875. 
Verrill (1885) provided a figure of C. laevis and C. cornutus (page 
689; figures 1943 and 1944, respectively), but these figures do not 
show morphological characteristics unique for either species and, 
moreover, the figure for C. laevis is dubious, based on the relative 
size of the haptor and body. Clearly, it was not drawn from the 
holotype (USNPC No. 7179). Subsequently, perhaps because of 
its large size, ectoparasitic lifestyle, and the fact that it infects 
large, charismatic, epipelagic billfishes hunted worldwide, several 
parasitologists have reported infections of C. laevis (Table I) and 
described the specimens. Seldom have these worms been regarded 
as conspecific with C. laevis upon collection, and considerable 
museum-based taxonomic work has been required to resolve the 
identities of these worms, usually resulting in synonymies (Goto, 
1899; Chisholm and Whittington, 2007) rather than in delineation 
of cryptic species. 
Subsequent to Verrill's (1875, 1885) work, Goto (1894; 1899), 
Price (1938), Dollfus (1949), Devaraj (1976), Lamothe-Argumedo 
(1997), and Chisholm and Whittington (2007) provided original 
morphological information about specimens thought to be C. 
laevis. However, there was often doubt that their specimens were. 
conspecific with the holotype of C. laevis. The first author 
following Goto (1894, 1899, see below) to publish observations of 
the holotype of C. laevis was Price (1938). He studied the holotype 
plus, unfortunately, specimens collected from "dorado" (pre-
sumed to be dolphin, Coryphaena hippurus Linnaeus, 1758, 
[Perciformes: Coryphaenidae]) which were actually Capsala poeyi 
(Perez-Vigueras, 1935) Price, 1938 (pre~ent study of voucher 
USNPC No. 18874; Chisholm and Whittington, 2007). Price's 
(1938) redescription does not mention papillae on the dorsum nor 
does it mention the sinistral patch of dorsomarginal sclerites 
diagnostic for C. laevis, but he did record papillae on the ventral 
surface of the anterior attachment organs. Dollfus (1949) 
provided a description of specimens from the gill arches of "white 
marlin" in the northeast Atlantic Ocean off France, emphasizing 
details of the haptoral accessory sclerites and dorsomarginal body 
sclerites. He compared Price's (1938) specimens of C. poeyi, which 
he took to represent C. laevis, with his own specimens of C. laevis. 
Devaraj (1976) studied specimens collected from striped marlin 
captured in the Indian Ocean; that report includes a few 
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diagnostic characteristics for C. laevis, i.e., haptor with ventral 
papillae, marginal membrane present, 1 column of dorsomarginal 
body sclerites having 3 cusps, and cirrus with papillae. The 
voucher specimens from this study were not available to us, but 
those specimens should be examined to confirm if they represent 
C. laevis or a closely related species. Lamothe-Argumedo (1997) 
revised the generic diagnoses for Capsalinae, providing illustra-
tions for some species of the genera treated therein. The 
illustration provided for C. laevis (Lamothe-Argumedo, 1997) 
either represents a new species of Capsala or it is highly stylized. If 
the latter, it lacks some key features that define C. laevis, e.g., the 
drawing lacks a dense patch of dorsomarginal body sclerites while 
exaggerating the sizes of other structures, e.g., slender processes of 
the fimbria of anterior attachment organ, haptor marginal 
membrane, testicular field and testes; or misinterpreting them, 
e.g., position of mouth, differentiating nerve from intestine, 
number of dorsomarginal body sclerites, number of scallops in 
haptoral marginal membrane, lateral extent oftesiicular field. We 
do not have access to the specimen(s) upon which this drawing 
was based, but the features drawn for C. laevis therein are 
dubious. 
The type host for C. laevis probably will not ever be known for 
certain, because Verrill (1875, 1885) did not provide a specific 
epithet or binomial for the host nor, to our knowledge, is the 
infected individual billfish in existence as a museum voucher. 
Verrill's (1875) designation of "bill-fish" could have been one of 
the several billfishes that were already known, described, and 
named in 1875, including Tetrapturus georgii Lowe, 1840, but 
Verrill did not specify anyone of them. Perhaps contributing to 
the confusion was that Verrill (1875) reported specimens of C. 
cornutus from white marlin, perhaps leading subsequent authors 
(e:g., Linton, 1898; Price, 1938) to assume that the host for C. 
laevis was also T. albidus. Such would be unequivocal if these 
capsalids were collected from the same individual host, but that 
detail was not reported either. We think it possible, or more likely, 
that Verrill (1875) did not positively identify the host as white 
marlin because he did not attach a binomial name to the type 
host. Verrill's later publication (1885) is awkward in that it 
provides a figure of C. laevis and C. cornutus but does not 
apparently provide any accompanying text explaining the 
origines) of the specimen(s) illustrated. The first author to ascribe 
white marlin as the type host for C. laevis was Linton (1898) who, 
without justification, specified "gills of Tetrapturus albidus" and 
cited Verrill (1885); however, Verrill (1885) does not report a 
host(s) for any capsalid. Interestingly, in a footnote on page 503 
of Verrill (1885), Verrill states that, "The naturalists associated 
with the writer in this work in 1883 were: ... Prof. Edwin 
Linton ... " This made us wonder if perhaps Linton may have 
had first-hand knowledge of the type host for C. laevis, but 
nowhere is that stated in either of Verrill's publications (1875; 
1885) or in Linton (1898). Price (1938), perhaps influenced by 
Linton (1898), also listed the type host as "white marlin, 
Tetrapturus imperator" without justification, and subsequent 
authors have followed suit in listing white marlin as the type 
host. We find no justification for this. Regardless of the 
amibiguity of the type host for C. laevis, capsalid records from 
"white marlin" must now be reconsidered, as some of those may 
have, in fact, been roundscale spearfish. In any event, all of this 
underscores the need to base capsaline taxonomy on character-
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IStICS of the worms themselves rather than on their host 
affiliation(s). 
The 2 records of C. laevis from swordfish, Xiphias gladius 
Linnaeus, 1758, (Perciformes: Xiphidae), are dubious. First, 
Linton (1940) reported a single specimen (USNPC No. 8154) 
from the alcohol wash of the gill of a swordfish presumably 
captured from the northwestern Atlantic Ocean before being 
landed and necropsied by Linton at Woods Hole, Massachusetts 
in June 1911 (accessioned as "Placunella lata"; with original slide 
label reading, "in vial with T. coccineum from gills of swordfish"). 
We borrowed this specimen and believe it represents a new species 
of Capsala by having the following combination of morphological 
features: (1) papillae on ventral surface of haptor present 
(including on ventral surface of central loculus); (2) dorsomar-
ginal body sclerites not crown-like, having cusps, distributing in a 
single column per side of body (not in transverse rows) and 
including a dense patch of smaller spines at level of cirrus sac and 
interrupting sinistral column of dorsomarginal sclerites (having a 
total of 39 dextral sclerites plus 54 sinistral sclerites comprising 6 
sclerites anterior to patch, 19 within patch, and 29 posterior to 
patch); (3) haptoral accessory sclerites approximately 500 IJlIllong 
and 150 ~m in maximum width with a medial flange; (4) ventral 
surface of anterior attachment organs bearing papillae; and (5) 
anterior attachment organ lacking fimbria. Two other genera of 
Capsalinae include species reported from swordfish, i.e., Capsa-
loides Price, 1938 (see Chisholm and Whittington, 2006) and 
Tristoma Cuvier, 1817 (see Chisholm and Whittington, 2007), but 
USNPC No. 8154 cannot represent a species of either genus. 
Capsaloides spp. have crown-like dorsomarginal body sclerites 
rather than sclerites having cusps as in species of Capsala. 
Tristoma spp. have transverse rows of dorsomarginal body 
sclerites rather than a single or double column of sclerites per 
side of the body as in species of Capsala. The collection of heat-
killed specimens from X gladius is in progress and, given the 
condition of the voucher we studied, we think better quality 
specimens are required for an adequate description of this species, 
including with both light and scanning electron microscopy. 
There are other inaccuracies in the narrative of Linton (1940) that 
will be corrected when this species is described, e.g., the voucher 
specimen has many testes, not 2 in tandem, posterior to the 
genital atrium. Second, Kayi~ et aI. (2010) reported C. laevis (as 
Tristomella laevis) from the gill of swordfish captured in the 
Aegean Sea off Turkey. The photograph provided by these 
authors shows the body of 2 worms as side-by-side dorsal and 
ventral views, but neither represents C. laevis because the haptor 
does not extend past the posterior body margin. We can only 
hazard a guess as to the identity of these specimens, but it seems 
likely they could represent a species' of Capsaloides. Another 
unusual record of C. laevis (HWML 1453) comprises that of the 
ocean sunfish, Mola mola (Linnaeus, 1758), (Tetraodontiformes: 
Molidae) (Chisholm and Whittington, 2007, appendix 1). On the 
other hand, it is not unbelievable from an ecological perspective 
because ocean sunfishes seemingly are massive, slow-swimming 
platforms for colonization of ectoparasites in the epipelagic zone. 
The record of C. laevis from roundscale spearfish reported 
herein represents the first record of any symbiont from roundscale 
spearfish, and it seems likely that many new parasite records from 
this epipelagic fish will be forthcoming. Broadly, additional 
information on the identity of pelagic fish capsalids, in concert 
with molecular data (e.g., Whittington et aI., 2004; Perkins et aI., 
2009; Bullard et aI., 2011), could provide the baseline information 
needed for testing hypotheses concerning the ecology and 
coevolution of platyhelminths and fishes in pelagic ecosystems 
as well as the utility of using these parasites as "tags" or stock 
identifiers for highly migratory fishes like tunas and billfishes. 
Although our present morphological results failed to identify a 
capsalid species unique to roundscale spearfish, the potential 
remains for finding other metazoan parasites that do, indeed, 
exhibit specificity for particular istiophorids. In this way, parasite 
taxonomy remains applicable and relevant to fisheries and fish 
biology as our understanding of the phylogenetic relationships 
and biodiversity of billfishes continues to grow and as we seek 
new tools for assessing their populations and defining manage-
ment units (Beerkircher et aI., 2009). Fascinatingly, new istio-
phorids remain to be described and, probably, new parasites 
infect them. For example, Pristas (1980) reported morphological 
differences between a species of Tetrapturus, which he called 
"hatchet marlin," and both white marlin and longbill spearfish in 
the Gulf of Mexico. Collette et aI.'s (2006) molecular results did 
not reject the possibility that the so-called 'hatchet marlin' may be 
an additional valid species of spearfish. As molecular techniques 
continue to advance, our knowledge of the population dynamics 
and species boundaries of capsalids infecting these majestic 
pelagic fishes will also be enhanced. 
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A NEW PODAPOLIPID SPECIES (ACARI) ON SCARABAEUS (SCARABAEUS) ACUTICOLLIS 
(INSECTA: COLEOPTERA: SCARABAEIDAE) FROM IRAN 
Abdolazim Mortazavi and Hamidreza Hajiqanbar* 
Department of Entomology, Faculty of Agriculture, Tarbiat Modares University, 14115-336, Tehran, Iran. e-mail: hajiqanbar@modares.ac.ir 
ABSTRACT: A new species of mites of the genus Tarsopolipus (Acari: Prostigmata: Podapolipidae) is described from southern Iran. 
Tarsopolipus husbandi Mortazavi and Hajiqanbar n. sp. is a sub-elytral ectoparasite of the scarabaeid beetle, Scarabaeus (Scarabaeus) 
acuticollis. The new species is closely related to Tarsopolipus corrugatus Berlese 1911, but is distinguished from it by the following 
characters. Adult female: presence of vestigial setae V2 and shorter setae SC2. Adult male: presence of setae v' on tibia IV and shorter 
setae SC2 and C2. Larval female: shorter cheliceral stylets and longer distance between setae VI and ch. Species of Tarsopolipus are 
currently distributed in Afro-tropical, Palaearctic, and Oriental regions and parasitize species in 3 genera of scarabaeid beetles, i.e., 
Scarabaeus, Kheper, and Drepanopodes, all belonging to the tribe Scarabaeini. 
Mites of the cohort Heterostigmatina (Acari: Trombidiformes: 
Prostigmata) often have phoretic, parasitoid, or parasitic associ-
ations with insects. Their association with vertebrates, however, is 
restricted to phoresy of Pygmephorus spp. (pygmephoridae) which 
commonly inhabit the nests of small mammals and are associated 
with their hosts' fur. Within the Heterostigmatina, however, 
parasitism has evolved independently in several lineages, includ-
ing species ofPodapolipidae, which are permanent and specialized 
endo- and ectoparasites of various insect orders, particularly 
Coleoptera (Kaliszewski et aI., 1995; Bochkov et aI., 2008; Walter 
et aI., 2009). 
The Podapolipidae consists of approximately 30 genera, among 
which 5 genera are ectoparasites of the scarabaeid beetles (Walter 
et aI., 2009). Included are Dilopolipus Husband 1984 with 1 
species, Archipolipus Husband 1971 with 2, Stenopolipus Husband 
1978 with 3, Scarabapolipus Husband and Kurosa 1993 with 5, 
and Tarsopolipus Berlese 1911 with 8. 
Tarsopolipus was established to include Tarsopolipus corrugatus 
Berlese, 1911. Husband (1978) described Tarsopolipus langi, but 
the species was subsequently transferred to Stenopolipus (Hus-
band, 1984). The second representative of the genus, Tarsopolipus 
africanus, was described by Husband (1986), who revised the 
genus and added 3 new species, Tarsopolipus hallidayi, Tarsopo-
lipus bisetalus, and Tarsopolipus massai (Husband, 1989). Later, 
Ramaraju and Mohanasundaram (1996) described Tarsopolipus 
ramakrishnai and, finally, Husband (1997) added 2 species tp the 
genus, Tarsopolipus endrodyyoungai and Tarsopolipus mahunkai. 
Podapolipid mites, including species of Ovacarus, Eutarsopoli-
pus, Dorsipes, Coccipolipus, Podapolipoides, and Tarsopolipus 
have been reported from Iran (Hajiqanbar et aI., 2007, 2008; 
Hajiqanbar and Joharchi, 2011). The only representative of 
Tarsopolipus recorded from Iran is T. massai, which occurs under 
the elytra of Scarabaeus semipunctatus. 'fhis genus does not occur 
in neighboring regions of Iran. 
Following an extensive survey of heterostigmatic mites 
associated with insects in Iran, we found another representative 
of Tarsopolipus which is new to science. Here, we describe this 
new species and discuss the distribution and host range of the 
genus Tarsopolipus. 
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MATERIALS AND METHODS 
A colony of parasitic mites was found under the elytra of a scarabaeid 
beetle, Scarabaeus (Scarabaeus) acuticollis Motschulsky, 1849. The beetle 
was collected using a light trap. Mites were cleared in lactophenol and 
mounted in Hoyer's medium. The morphology of the mites was studied 
using a light microscope (Olympus BXS1, Olympus, Tokyo, Japan) with 
phase contrast. All measurements are given in micrometers and represent 
the measurement for the holotype and the range of 5 paratypes (in 
parentheses). The terminology follows Lindquist (1986). Details of 
geographical position were recorded using a GPS mobile device. 
AMENDED DESCRIPTION 
Tarsopolipus Berlese, 1911 
Type species: Tarsopo/ipus corrugatus Berlese, 1911 
Diagnosis: Adult female: cheliceral stylets smooth, at least as 
long as width of gnathosoma; palp 2-segmented, femorogena 
without setae, tibiotarsus with pair of minute, blunt setae; pharynx 
developed and rounded. Respiratory system well developed; 
stigmata located in anterolateral margins of prodorsal shield and 
associated with striated atria; podocephalic canals usually visible. 
Prodorsal shield with 2 or 3 pairs of setae (setae V2 absent or 
vestigial in some species); idiosomal shields C and D divided; shield 
EF, if present, also divided; shield H vestigial or absent; epimeres 
I-III with 1 pair Qf setae each (1 species with 2 pairs of setae 
on epimeres III). Three pairs of legs, setal formula (number of 
solenidia in parentheses) oflegs I, II, III are: 0-4-4-5(1)-9(1), 0-2 or 
3-3-4-6,0-1 or 2-2 or 3-4-6, respectively. Leg I with a single small 
claw, legs II and III with no claw; tarsus I setae u' and Ii' rod-like 
and difficult to see in most species, seta s curved spine; tibia II seta 
l' spine-like; tarsi II and III with 2 claw-like setae u', tc'. 
Adult male: gnathosoma and cheliceral stylets reduced. Three 
pairs of prodorsal setae (VI, Vz, SC2); fused shields CD separated 
postero-medially by genital shield, aedeagal opening mid-dorsal 
at anterior margin of genital shield; genital shield with 3 pairs of 
setae (psJ, PS2, PS3), setae PSI and PS2 vestigial or absent in some 
species, setae PS3 vestigial in some species; setae e lateral to genital 
shield; epimeres I-III with 1 pair of seta each. Four pairs of legs, 
setal formula as in adult females for legs I-III, leg IV: 0-0-1-1 or 
2-4. Leg I with a single claw, no claw on legs II and III, 1 claw on 
leg IV; tarsus I setae ft' knoblike; genu I v', tibia I v', and tibia II 
l' usually spine-like; tarsus I seta s curved spine; tarsi II and III 
with 2 claw-like setae u', tc'. 
Larval female: gnathosoma and cheliceral stylets reduced; palp 
femorogena broad, tibiotarsus cylindrical with 2 short and blunt 
setae. Three pairs of prod or sal setae (VI, V2, SC2); idiosomal shields 
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FIGURES 1-2. Tarsopo/ipus husbandi n. sp., adult female (holotype). (1) Dorsal view. Scale bar = 100 !-lm. (2) Ventral view. Scale bar = 100 !-lm. 
C and D fused or separate; shield EF wider than long; shield H 
usually oval, setae hI longer than width of idiosoma; epimeres 1-
III with I pair of seta each (one species with 2 pairs of setae on 
epimeres III). Three pairs of legs, setal formula as in adult female 
except setae pv' are not evident on tarsus III and seta/t' on tarsus 
I may be knoblike as in adult males or represented by just its 
alveolus. Two small claws on leg I, no claw on legs II and III; 
tarsus I seta s curved spine; tarsi II and III with 2 claw-like setae 
u', te'. 
. ' 
DESCRIPTION 
Tarsopo/ipus husband; n. sp. 
(Figs. 1-18) 
Adult female (Figs. 1-2, 3-7): Gnathosoma (Figs. 1, 2) length 71 (64-
73), width 76 (73-81); gnathosomal capsule almost pentagonal in dorsal 
aspect, cheliceral stylet (75-81) (broken in holotype) stout and blunt; 
cheliceral seta eh 34 (26-33), pointed; subcapitulum with subcapitular seta 
su 10 (8-13), pointed, ch more than 2.5 times longer than su; distance 
between gnathosomal setae: ch-eh 55 (55-58), su-su 23 (22-24); length of 
pharynx 22 (21-24), width 20 (21-23), pharynx large and rounded; palpi 
conspicuous. 
Idiosoma: oval, milky white color when alive. Length of idiosoma 378 
(160-362), width 304 (141-293). Idiosomal dorsum (Fig. I) length of 
prodorsal shield 65 (57-63), width 99 (92-104), prodorsal shield 
sclerotized, with 3 pairs of setae (Vb V2 and scz), V2 vestigial; stigmata 
near antero-Iateral margins of prodorsal shield, associated with well 
developed and striated atria; podocephalic canals conspicuous. All dorsal 
plates smooth; length of shield C 41 (43-49), width 68 (69-71), shield C 
divided, with 2 pairs of setae (C1 and C2); length of shield D 30 (31-33), 
width 40 (37-40), shield D divided, with I seta (d). Shields EF, H, and 
related setae absent; dorsal setae smooth and pointed; length of dorsal 
setae: VI 18 (18-21), SC2 18 (19-24), e1 11 (10-13), C2 9 (10-11), d 8 (8-11); 
distances between dorsal setae: VI-V1 53 (50--59), SC2-SC2 94 (87-90), C1-C2 36 
(32-38). Idiosomal venter (Fig. 2): Apodemes I-II and presternal apodeme 
moderately developed, apodemes I meeting at presternal apodeme, 
apodemes II not reaching presternal apodeme, epimeres I-III with I pair 
of smooth and pointed seta each (la, 2a, 3b), length of ventral setae: la 8 
(9-9), 2a 7 (7-8), 3b 9 (8-10). 
Leg I (Fig. 5): With single small claw, but empodium developed. Setal 
formula (number of solenidia in parentheses): 0-4-4-5(1)-9(1). Tarsus: seta 
s spine-like, tectal eupathidial setae (tc', tc") distinctly blunt-ended, setae 
pv' and pv" subequal, setae u' and u" tiny and rodlike, difficult to see in 
most specimens, pI" less than 2 times longer than pI', solenidion OJ (4-5), 
finger-shaped. Tibia: seta d 53 (52-65), long and whip-like, seta v" longer 
than subequal setae v', 1', and 1", solenidion (jJ (5-7), finger-shaped. Genu: 
all setae subequal. Femur: seta d 5 (5-6), seta l' 11 (10-12), thick, seta v" 
longer than d and 1", setae d and I" subequal. Leg II (Fig. 6): Without claw, 
but empodium well developed. Setal formula: 0-2-3-4-6. Tarsus: setae te' 
and u' spine-like, seta tc" tiny and rod like, setae pI' and pv' subequal, 
seta pI" at least 3 times longer than pl'. Tibia: seta d 46 (47-53), long and 
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FIGURES 3-7. Tarsopo/ipus husbandi n. sp., adult female (paratype). (3) Dorsal view. Scale bar = 50 !-lm. (4) Ventral view. Scale bar = 50 !-lm. (5) Leg I 
(holotype), dorsal view. Scale bar = 20 !-lm. (6) Leg II (holotype), dorsal view. Scale bar = 20 !-lm. (7) Leg III (holotype), dorsal view. Scale bar = 20 !-lm. 
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FIGURES 8-13. Tarsopo/ipus husbandi n. sp., male. (8) Dorsal view. Scale bar = 50 /lm. (9) Ventral view. Scale bar = 50 /lm. (10) Leg I, dorsal view. 
Scale bar = 20 /lm. (11) Leg II, dorsal view. Scale bar = 20 /lm. (12) Leg III, dorsal view. Scale bar = 20 /lm. (13) Leg IV, dorsal view. Scale bar = 20/lm. 
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FIGURES 14-18. Tarsopolipus husband; n. sp., larval female. (14) Dorsal view. Scale bar = 50 I-lm. (15) Ventral view. Scale bar = 50 I-lm. (16) Leg I, 
dorsal view. Scale bar = 20 I-lm. (17) Leg II, dorsal view. Scale bar = 20 I-lm. (18) Leg III, dorsal view. Scale bar = 20 I-lm. 
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TABLE I. Comparison of selected maximum measurements of Tarsopolipus 
husbandi n. sp. (Thu), Tarsopolipus corrugatus (Tc), Tarsopolipus africanus 
(Ta), Tarsopolipus hallidayi (Tha), Tarsopolipus bisetalus (Tb) and 
Tarsopolipus massai (Tm). 
Character Thu Tc Ta Tha Tb Tm 
Adult female 
Idiosoma length 378 375 470 337 460 486 
Idiosoma width 304 275 300 314 293 263 
Cheliceral stylet 81 96 68 61 45 54 
Gnathosoma length 73 79 65 59 63 67 
Gnathosoma width 81 78 57 66 55 65 
Seta VI 21 28 12 9 8 21 
Seta SC2 24 30 52 16 9 62 
Seta CI 13 17 42 19 8 25 
Seta d 11 17 30 13 7 18 
Seta v" on femur I 9 9 22 13 9 10 
Adult male 
Idiosoma length 186 188 170 205 139 165 
Idiosoma width 132 155 137 176 116 139 
Cheliceral stylet 14 14 18 17 15 17 
Gnathosoma length 37 32 38 36 30 35 
Gnathosoma width 30 31 33 37 31 35 
Seta su 7 6 9 11 7 8 
Seta SC2 5 11 28 21 9 18 
Seta C2 5 9 38 20 11 18 
Seta e 5 5 7 13 4 7 
Seta v" on femur I 8 8 27 12 8 12 
Seta f' on genu III 9 7 7 15 7 7 
Larval female 
Idiosoma length 205 209 213 256 209 260 
Idiosoma width 155 144 165 176 135 171 
Cheliceral stylet 18 21 19 21 20 20 
Gnathosoma length 44 38 40 41 37 38 
Gnathosoma width 32 32 43 35 33 37 
Seta su 10 8 11 11 8 10 
Seta V2 12 11 51 9 6 63 
Seta SC2 13 11 62 12 6 63 
Seta C2 10 9 46 10 6 48 
Seta d 10 11 32 11 6 18 
Seta h2 10 8 27 4 5 18 
Distance setae e-e 36 29 40 57 28 36 
whip-like, seta I' spine-like, seta v" longer than v'. Genu: setae v' and I" 
subequal and longer than seta 1'. Femur: seta I' 6 (5-7) longer than d 4 (4-
5). Leg III (Fig. 7). Without claw, but empodium well developed. Setal 
formula: 0-1-3-4-6. Tarsus: setae tc' and u' spine-like, seta pv' microseta, 
seta pI' subequal to tibial seta 1', seta pI' 2 times longer than pl'. Tibia: seta 
v' longer than v", seta d 45 (40-53), long and whip-like. Genu: all setae 
subequal and longer than femoral seta d 5 (~5). 
Adult male (Figs. 8-13): Gnathosoma (Figs. 8, 9) length 30 (28-32), 
width 29 (28-30); gnathosomal capsule almost circular in dorsal aspect, 
cheliceral stylet 11 (12-14); cheliceral seta ch 6 (5-7) pointed; subcapitu-
lum with subcapitular seta su 7 (5-7) pointed. Distance between 
gnathosomal setae: ch-ch 19 (18-19), su-su 13 (12-13). Length of pharynx 
7 (7-8), width 9 (7-8), almost rounded; palpi conspicuous. 
Idiosoma: Oval, length ofidiosoma 158 (152-186), width 132 (\25-130). 
Idiosomal dorsum (Fig. 8), all dorsal plates smooth; length of prodorsal 
shield 47 (43-47), width 89 (76-91), prodorsal shield narrows anteriorly, 
with 3 pairs of setae (Vi> V2 and SC2). Fused shields CD separated medially 
by genital shield, with 3 pairs of setae (Ci> C2 and d); shield EF reduced, 
seta e lateral to genital shield; genital shield length 39 (36-40), width 37 
(40-45), seta PS3 microseta; leg IV in dorsal surface, epimere IV without 
seta; length of dorsal setae: VI 3 (3-3), V2 5 (4-6), SC2 6 (4-6), CI 5 (4-5), C2 5 
(4-5), d 5 (4-5), e 4 (4-5). Distances between dorsal setae: VI-VI 22 (18-23), 
VZ-V2 33 (28-35), SCZ-SC2 54 (53-59), CI-C2 25 (22-25), cl-d 16 (16-17), C2-d 
33 (27-33), e-e 32 (30-39), PS3-PS3 18 (17-24). 
Idiosomal venter (Fig. 9): Apodemes I-II and presternal apodeme 
moderately developed, apodeme I reaching to presternal apodeme, 
apodeme II not reaching to presternal apodeme, coxae III separated from 
coxae I and II, epimeres I-III with I pair of smooth and pointed seta each 
(la, 2a, 3b), length of ventral setae: la 8 (7-9), 2a 7 (7-8), 3b 9 (8-10). 
Legs as in adult female except the following characters: Leg I (Fig. 10): 
Tarsus: seta u" hardly visible, setaft' very short. Tibia: seta v' spine-like. 
Genu: seta v' spine-like. Femur: seta d longer than seta 1". Leg II (Fig. II): 
Tarsus: seta pv' very short and hardly visible, seta pI" at least 2 times 
longer than pl'. Tibia: setae v' and v" subequal. Genu: seta v' longer than I' 
and 1". Femur: seta d shorter than 1'. Leg III (Fig. 12): Tarsus: seta tc" very 
short and hardly visible, seta pI" at least 2 times longer than pl'. Tibia: seta 
d shorter than setae v' and v". Genu: setae v' and I" subequal, both shorter 
than 1', seta I' and tibial seta I' subequal. Femur: seta d shorter than all 
genual setae. Leg IV (Fig. 13): With claw, but without empodium. Setal 
formula: 0-0-1-2-4. Tarsus: setae tc' and pv' spine-like, seta pI" very short. 
Tibia: seta v' spine-like, setae v' and v" subequal. Genu: seta v' spine-like. 
Larvalfemale (Figs. 14-18): Gnathosoma (Figs. 14, 15) length 39 (27-
36), width 29 (28-32). Gnathosomal capsule almost tetragonal in dorsal 
aspect, cheliceral stylet 18 (16-18); cheliceral seta ch 25 (25-30), pointed; 
subcapitulum with subcapitular seta su 9 (9-10) pointed, ch more than 2 
times longer than suo Distance between gnathosomal setae: ch-ch 21 (20-
22), su-su 14 (15-16); length of pharynx 9 (8-9), width 9 (8-9), almost 
rounded; palpi conspicuous. 
Idiosoma: Oval, length 203 (185-205), width 143 (135-155). Idiosomal 
dorsum (Fig. 14), all dorsal plates smooth; length of prodorsal shield 92 
(82-95), width 119 (116-131), prodorsal shield narrows anteriorly, with 3 
pairs of setae (Vi> V2 and SC2). Fused shields CD with 3 pairs of setae (Ci> C2, 
and d), cupule ia anteromedial to setae d; shield EF with I pair of seta (e), 
mostly with folded integument between shields CD and EF, shield H 
reduced and with 2 pairs of setae (hi> h2), seta hi whip-like and subequal to 
length ofidiosoma. Length of dorsal setae: VI 10 (9-10), V2 12 (11-12), SC2 
13 (11-12), CI 10 (9-10), C2 9 (8-10), d 10 (9-10), e 10 (10-11), hi 215 (195-
210), h2 9 (7-10); distances between dorsal setae: VI-VI 31 (29-33), V2-V2 69 
(66-68), SC2-SC2 98 (93-95), CI-CI 54 (46-58), CZ-C2 128 (125-132), d-d 43 
(41-47), CI-C2 39 (32-38), cl-d 55 (53-66), C2-d 66 (59-66), e-e 35 (35-36), 
hi-hi 8 (7-8) h2-h2 15 (13-15). 
Idiosomal venter (Fig. 15): Apodemes I-II and presternal apodeme well 
developed, apodemes I reaching to presternal apodeme, apodemes II not 
reaching to presternal apodeme, coxae III separated from coxae I and II, 
usually with folded integument between and around coxae III, epimeres 
I-III with I pair of smooth and pointed seta each (la, 2a, 3b), length of 
ventral setae: la 8 (7-8), 2a 8 (8-9), 3b 8 (7-8). 
Legs as in adult female except for following characters: Leg I (Fig. 16) 
with a single bifurcate "law and developed empodium. Tarsus: solenidion 
(06 (5-6), finger-shaped. Tibia: seta d 56 (53-61), seta v" longer than 1', I" 
and v', solenidion <p 7 (6-7), finger-shaped. Genu: setae v', 1', and f' 
subequal and shorter than v". Femur: seta I' 7 (7-8) seta-like, 2 times 
longer than subequal setae d and 1", seta v" longer than 1'. Leg II (Fig. 17). 
Tarsus: seta pv" microseta, seta pi" more than 2 times longer than pl'. 
Tibia: seta d 55 (49-53). Genu: all setae subequal. Femur: seta I' 6 (6-8), 
seta d 5 (5-7) shorter than all femoral and genual setae. Leg III (Fig. 18). 
Setal formula: 0-1-3-4-5 (setapv' absent). Tarsus: seta pI' longer thanpv". 
Tibia: seta d 89 (85-111), seta v" longer than v' and 1'. Genu: all setae 
subequal. Femur: seta d 4 (4-5) shorter than all setae on leg III. 
Taxonomic summary 
Type host: Scarabaeus (Scarabaeus) acuticollis Motschulsky, 1849 
(Coleoptera: Scarabaeidae), specimen AM200915, collected by Abdolazim 
Mortazavi, II May 2010. The host beetle was collected using a light trap 
from Alachigh Village, Rafsanjan City, Kerman Province, southern Iran 
and is deposited in the Collection of Entomology, Department of 
Entomology, Faculty of Agriculture, Tarbiat Modares University, 
Tehran, Iran. 
Type locality: Alachigh Village, Rafsanjan City, Kerman Province, 
southern Iran, 30.lOoN, 55.58°E, altitude 2,010 m. 
Type material: Holotype female found under elytra of a scarabaeid host 
beetle, collected by Abdolazim Mortazavi, II May 2010. Paratypes 
include 10 adult females, 12 males, and many larval females; same 
collection data as holotype. 
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TABLE II. Hosts and distribution of all known species of Tarsopolipus (all hosts belong to the Scarabaeidae: Scarabaeini). 
Species Host Region Reference 
Tarsopolipus corrugatus Berlese, 1911 
Tarsopolipus aJricanus Husband, 1986 
Tarsopolipus hallidayi Husband, 1989 
Tarsopolipus bisetalus Husband, 1989 
Scarabaeus semipunctatus Fabricius 
Drepanopodus proximus Peringuey 
Italy 
South Africa 
Berlese, 1911 
Husband, 1986 
Husband, 1989 
Husband, 1989 
Tarsopolipus massai Husband, 1989 
Kheper lamarcki MacLaey, Scarabaeus sp. 
Scarabaeus convexus Hausmann 
Scarabaeus gangeticus Castelnau 
Scarabaeus semipunctatus Fabricius 
South Africa, Kenya 
Kenya 
Botswana 
Italy Husband, 1989 
Hajiqanbar et a1., 2007 Iran, France, Spain, East 
Africa 
Tarsopolipus ramakrishnai Ramaraju and Scarabaeus brahminus Castelnau India Ramaraju and 
Mohanasundaram, 1996 
Kheper lamarcki MacLaey 
Scarabaeidae 
Mohanasundaram, 1996 
Husband, 1997 
Husband, 1997 
Tarsopolipus endrodyyoungai Husband, 1997 
Tarsopolipus mahunkai Husband, 1997 
Tarsopolipus husbandi Mortazavi and 
Hajiqanbar n. sp. 
Scarabaeus (Scarabaeus) acuticollis, 
Motschulsky 
Congo 
Ghana 
Iran This study 
Specimens deposited: The holotype female (AM2009-la) is deposited in 
the Acarological Collection, Department of Entomology, Faculty of 
Agriculture, Tarbiat Modares University, Tehran, Iran. The I paratype of 
each instar (adult female AMll05201O-1, male AMll05201O-3, larval 
female AMlI05201O-5) are deposited in the United States National 
Museum of Natural History, Washington, D.C. The balance of para types 
is retained with the holotype. 
Etymology: The new species is named in honor of the eminent 
acarologist, Prof. Robert W. Husband (Biology Department, Adrian 
College, Adrian, Michigan), who generously inspired the junior author 
(H.H.) to study podapolipid mites in Iran. 
Remarks 
The new species is most similar to T. corrugatus. Adult females of the 
new species differ from T. corrugatus by the presence of vestigial seta V2 
(absent in T. corrugatus) and shorter seta SC2 (seta SC2 less than one-third 
width of gnathosoma vs. seta SC2 more than one-third width of 
gnathosoma). Males of the new species differ from males of T. corrugatus 
by the presence of seta v' on tibia IV (absent in T. corrugatus), shorter seta 
T. corrugatus 
T. africanus 
T. hallidayi 
T. bisetalus' • T. massai .& 
T. ramakrishnai * 
T. endrodyyoungai_ 
T. mahunkai 
T. husbandi n. Sp. 
19 
• 
.0 
FIGURE 19. World distribution of species of Tarsopolipus. 
SC2 (6 vs. 11), and shorter seta C2 (5 vs. 9). Larval females differ from larvae 
of T. corrugatus by a shorter cheliceral stylet (cheliceral stylet, less than 
two-thirds distance between setae e vs. cheliceral stylet more than two-
thirds distance between setae e), longer distance between setae VI and ch 
(distance between setae VI and ch 24 [26-30] more than 2 times longer than 
seta VI 10 [9-10] vs. distance between setae Vb and ch [17-18] less than 2 
times longer than seta VI [7-10]). The comparative measurements of some 
Tarsopolipus spp. are summarized in Table I. 
DISCUSSION 
The new species has the closest morphological relationships 
with T. corrugatus due to sharing the following apomorphic 
character states: (1) Adult females with no plate EF and seta e; (2) 
. males and larval females with 2 setae (d, I') on femur II in contrast 
to 3 setae (d, l', v") in other species of genus; and (3) males and 
larval females with I seta (d) on femur III while other congeners 
(except T. endrodyyoungm) have 2 setae (d, v') on this segment. 
--
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.... ~~ ..... c= ........ ~========~ ........ Km 
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These characters putatively show that the T. corrugatus and T. 
husbandi n. sp. could be considered sister species and constitute a clade 
as the most-derived species among all 9 described species ofthe genus. 
Tarsopo/ipus now includes 9 species parasitizing 3 genera 
of scarab beetles, i.e., Scarabaeus, Kheper, and Drepanopodes 
(Table II). All host genera belong to the tribe Scarabaeini. This 
taxon, with 5 genera, comprises several species of ball-rolling 
dung beetles, i.e., a behavior that includes the creation of dung 
balls and rolling them to distant sites for burial (Forgie et aI., 
2005; Monaghan et aI., 2007). 
Mites of Tarsopolipus spp. are currently distributed in Afro-
tropical, Palaearctic, and Oriental regions (Fig. 19), which is 
consistent with the distribution of the tribe Scarabaeini (Forgie 
et aI., 2005). Table II and Figure 19 show that the most 
widespread species of the genus is T. massai, which occurs in 
Afro-tropical and Palaearctic Realms. This species, along with T. 
corrugatus, exhibits synhospitality by parasitizing Scarabaeus 
semipunctatus. Moreover, polyxeny is observed in T. hallidayi and 
T. bisetalus. The former parasitizes Kheper lamarcki and 
Scarabaeus spp. and the latter parasitizes Scarabaeus convexus 
and Scarabaeus gangeticus. 
Monaghan et aI. (2007) stated that the members of the great 
majority of the subfamily Scarabaeinae were derived from African 
clades. It could also be the case for species of Tarsopolipus 
because one of the most primitive species of the genus, T. 
africanus, originated in South Africa. On the other hand,S of 9 
species of the genus have an origin -in the Afro-tropical region. 
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DETECTION OF ANTIBODIES IN WILD RUMINANTS TO EVALUATE EXPOSURE TO 
LIVER TREMATODES 
Marla Sol Arias, Carlos Martlnez-Carrasco*, Luis Leon-Vizcalno*, Adolfo Paz-Silva, Pablo Dlez-Banos, Patrocinio 
Morrondo, and Francisco Alonso* 
Animal Pathology Department, Epidemiology, Zoonoses and Parasitic Diseases, Faculty of Veterinary, University of Santiago de Compostela, 
27002-Lugo, Spain. e-mail: mariasol.arias@usc.es 
ABSTRACT: Wild ruminants sharing pastures with domestic livestock are at risk of infection by liver trematodes. Detection of antibodies 
provides a very useful tool to gain more knowledge about the distribution of these parasites. Non-lethal methods are strongly encouraged 
for the analysis of the risk of infection among wild ruminants. A seroepidemiological survey was conducted to analyze exposure to hepatic 
trematodes (Fasciola hepatica and Dicrocoelium dendriticum) in wild ruminants from southern Spain. Blood samples were collected from 
69 bovids (Mouflon + Spanish ibex) and 143 cervids (red deer + fallow deer) from Sierra de Cazorla, Segura and Las Villas Natural Park. 
The samples were analyzed using the excretorylsecretory antigens of each trematode to determine the IgG response. All the animals were 
examined at necropsy for the presence of flukes, and the species, age, and gender ofthe animals were recorded. Fasciola hepatica were only 
observed in cervids (3%; 95% confidence interval [CI] = 2-8), while D. dendriticum specimens were recorded in 1% (0-8) ofbovids and 4% 
(CI = 2-9) of the cervids. The IgG-seroprevaience against F. hepatica was significantly higher in the cervids. Statistical differences 
according to gender were observed. The bovids exhibited the greatest percentages of positive cases to D. dendriticum antigens, and the 
DdES-seroprevalence was related to age of the animals. When considering all the factors, the FhES-seroprevalence was initially 
distributed according to the type of ruminant (cervids), gender (male), and age (>2 yr). 
Shimalov, 2000, 2003; Alasaad et ai., 2008; Diez-Banos et ai., 
2009), while D. dendriticum has been found in 0.7-2% ofmouflons 
from Spain (Lavin et ai., 1998; Ramajo Martin et ai., 2007). 
There is scarce information on the development of infection by 
trematodes in wild ruminants. After the experimental infection of 
red deer with F. hepatica metacercariae, a third of the initial 
infection dose remained as immature stages after a period longer 
than 100 days post-infection, suggesting flukes are arrested and, 
as a consequence, eggs would not be detected by fecal analysis 
(Radostits et ai., 2000). 
Several immunoenzymatic probes are frequently used on serum 
samples for demonstrating the presence of antibodies against 
Preservation of unique natural spaces is supported by the 
creation of natural parks where biodiversity of wild animals and 
plants is ensured and people can enjoy them. Frequently, wild 
ruminants share their habitat and forage and with domestic 
ruminant species (cattle, goats, or horses) in the same park or at 
the boundaries (Ruiz de Ybanez et ai., 2009). Under these 
conditions, transmission of infective agents among domestic and 
wild animals is enhanced (Daszak and Cunningham, 2000). While 
there are few studies describing the parasites affecting wild 
ruminants, there have been reports of delays in wool growth, 
reduction of fecundity and loss of weight, poor formation of the 
trophy parts, low resistance to infectious diseases, and deficient 
feeding in parasitized animals (Panayotova-Pencheva, 2006). .' parasite antigens (Coles and Stafford, 2010; Arias et ai., 2010). 
Fasciola hepatica has a worldwide distribution in ruminants 
grazing on humid pastures near areas with an oceanic climate (Arias 
et al., 2010), in part because it is the suitable environment for the 
intermediate host, the lymnaeid snail Calba trWlcatula. It also has 
been detected in horses, pigs, and humans (Paz-Silva et al., 2010). 
Infection generally occurs when feeding on forage contaminated 
with infective stages (metacercariae), although fascioliasis is also 
considered as a water food-borne zoonosis (Marcos et al., 2007). 
Dicrocoeliasis (Dicrocoelium dendriticum, also called lancet 
fluke) is a less-known liver infection, although it is frequent in 
mammals, generally ruminants, feeding in areas where dry, 
calcareous, or alkaline soils represent a favorable habitat for its 
intermediate hosts, i.e., several species of terrestrial snails and 
various ants (Manga-Gonzalez et ai., 2001). The adults of these 
worms reside in the bile ducts of ruminants (Camara et ai., 1996; 
Otranto and Traversa, 2003), such as camels, horses, pigs, rabbits, 
dogs, and even humans (Magi et ai., 2009). Definitive hosts 
become infected by the ingestion of ants with metacercariae. 
Detection of trematode infections is routinely based on 
observing eggs excreted in feces or on the examination of killed 
animals. Various investigations have reported prevalences of 
0.5-32% animals with F. hepatica infections (Shimalov and 
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Herein, the usefulness of ELISA with excretory/secretory antigens 
obtained from adult F. hepatica and D. dendriticum specimens has 
been analyzed. These data were then compared with enumeration 
of flukes from the liver examination. 
MATERIAL AND METHODS 
Area of study 
The current survey was carried out in Sierra de Cazorla, Segura and Las 
Villas (SCSV) Natural Park (214,300 ha), all protected areas in Jaen 
Province (38°30'N, 2°45'E, southern Spain) (Fig. 1). All stages described 
for Mediterranean climate are present in this region (altitude between 650 
and 2,080 m), where most of the soil in the central region has a siliceous 
nature, while the calcareous terrain is located in peripheral areas. 
Most vegetation is comprised of Spanish pine (Pinus occidentalis), Holm 
(Ulmus spp.), Oak (Quercus spp.), maple (Acer spp.), Oleaster (Olea 
oleaster), Ash-tree (Fraxinius spp.), willow (Salix spp.), poplar Populus 
tremula), box-tree (Buxux sempervivens), juniper (Juniperus occidentalis), 
Cazorla violet (Viola cazorlensis), and narcissus (Narcissus spp.). The most 
common ruminant animal species are roe deer, red deer, fallow deer, 
Spanish ibex, wild goat, and European mouflon. Although domestic 
animals are seldom observed inside the park, wild and livestock species 
frequently share the pastures at the boundaries of the park. 
Study design 
From January 2003 to May 2005 during the selective hunting seasons, in 
total 212 wild ruminants were killed, bled, and necropsied (Table I). Blood 
and fecal samples were collected from 69 bovids (49 mouflons, avis aries 
musimon, and 20 Spanish ibex, Capra pyrenaica hispanica) and 143 cervids 
(44 red deer, Cervus elaphus, and 99 fallow deer, Dama dama). 
IGA: intensive grazed area by domestic ruminants 
< 
Sierra de Cazorla, Segura and Las Villas Natural Park (southern Spain) 
Total area: 214,300 Ha 
FIGURE I. Area comprising the SSCV (Sierra de Cazorla, Segura and 
Las Villas) Natural Park (southern Spain) (74,000 hal. 
Age estimation of ruminants was accomplished by inspection of the 
incisor teeth according to the method of Yeates and Schmidt (1974), which 
is based on incisor temporary teeth replacement and the degree of wear of 
permanent teeth. Animals in the current investigation were divided into 2 
groups, G-J «2 yr) and G-2 (>2 yr). 
Parasitological examination 
All the animals shot in each hunting day were carried to a common 
meeting point for their necropsy; however, this made it impossible to 
identify precisely where the hunting took place. At the necropsy site, the 
whole liver of each animal was removed and dissected using a serrated-
knife, pincers, and a scalpel. Both the liver and gall-bladder (bovid) of 
each animal were checked for the presence of flukes. A gross visual 
inspection of the entire organ was first performed, and then it was 
carefully dissected. Livers were then inspected by cutting the lobes twice 
and making a deep cut with 10-15 small sub-cuts. In bovids, gall-bladders 
were opened using a scalpel and their content collected and filtered using a 
300-!!m mesh screen to isolate the parasites. 
All the flukes were collected and kept in phosphate buffered saline 
(PBS, pH 7.4) before carrying them to the lab, where they were fixed in 
10% formaldehyde. The quantification and identification were easily 
accomplished because of their striking morphological differences (Cordero 
del Campillo and Rojo-Vazquez, 1999). One blood sample was collected 
from the heart of each animal with a syringe during necropsy, and the sera 
were maintained at - 30 C until used. 
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ELISA 
Antigen preparation: Adult flukes belonging to F hepatica or D. 
dendriticum collected from the livers of slaughtered cattle at a local 
abattoir were washed in phosphate buffered saline (PBS, pH 7.0) and 
incubated in RPMI culture medium as described by Sanchez-Andrade 
et al. (2002, 2003). After dialyzing extensively against water, the antigens 
were lyophilized and kept as FhES (F hepatica) or DdES (D. dendriticum). 
ELISA protocol: Microtiter plates were coated with 1 !!g ml- l FhES 
or 4!!g ml- l DdES; sera were diluted in PBS containing 0.05% Tween and 
1 % skimmed milk and tested at 11100. An anti-sheep IgG (H&L chains, 
Nordic Immunology Laboratories, Tilburg, the Netherlands) was used at 
11200 for the mouflon sera, anti-goat IgG (H&L chains, Nordic 
Immunology) 111,000 for Spanish ibex, and an anti-deer IgG (H&L 
Accurate Chemical and Scientific Co., Gaithersburg, Maryland) 1/1,000 
for red and fallow deer. The optical densities (ODs) were read using a plate 
spectrophotometer (Titertek, Hiimmenlina, Finland) at 492 nm. 
Negative control sera were obtained from 5 animals younger than 2 yr that 
did not have flukes at necropsy. The cut-off point for a positive result was taken 
as the mean optical density (OD) of negative sera plus 2 standard deviations (SD) 
(Paz Silva et aI., 2003). These values were 0.285 (bovidae) and 0.304 (cervidae) 
against FhES, and 0.265 (bovidae) and 0.294 (cervidae) against DdES. 
Statistics 
Statistical analysis was performed with SPSS, version 15.0 (SPPS Inc., 
Chicago, Illinois). The percentages of seroprevalence were expressed as the 
value and the 95% confidence interval (CI) and analyzed by using a chi-
sq uare test (Thrusfield, 2005). Differences were considered significant 
when P < 0.05. The true prevalence (TP) (the proportion of a population 
that is actually infected) was calculated according to Arias et al. (2010): 
True prevalence(TP) = (AP+SP-I )/(SE+SP-l) 
where AP is the apparent prevalence, SP the specificity, and SE is 
the sensitivity. Finally, all the data wen, classified using the chi-
square automatic interaction detector (CHAID) test, a procedure 
that creates a tree-based model based upon adjusted significance 
testing (Bonferroni testing) (Arias et aI., 2010, 2011). 
RESULTS 
Fasciola hepatica 
Antibodies to FhES were detected in 82 samples, glVlng an 
overall seroprevalence of 39% (bovids 32%, cervids 45%). The 
TABLE I. Study design for estimating the prevalence of antibodies against liver trematodes in wild ruminants from Sierra de Cazoria, Segura and Las 
Villas Natural Park (South Spain) (N = 212). Prevalences are expressed as the value and the 95% confidence interval (CI). 
Bovidae Cervidae 
Mouflon (Ovis Spanish ibex (Capra Red deer Fallow deer 
aries musimon) pyrenaica hispanica) Total (Cervus elaphus) (Dama dama) Total 
Density (animalsl1 00 ha) 1.2 0.24 2.07 2.04 
Sample size 49 20 69 44 99 143 
Herd composition Mixed Gender-divided Gender-divided 
Habitat Rocky terrain (1,000-2,000 m) Forest and open grasslands 
Feeding time At dusk/at daybreak At dusk 
% Prevalence of trematodes (95% CI) 
Fasciola hepatica 
ELISA 12 (6-24) 15 (5-36) 13 (7-23) 34 (22-49) 59 (49-68) 51 (43-59) 
Necropsy 0 0 0 7 (2-18) 2 (1-17) 3 (2-8) 
Dicrocoelium spp. 
ELISA 53 (39-66) 60 (39-78) 55 (43-66) 41 (28-56) 17 (! 1-26) 24 (18-32) 
Necropsy 2 (0-11) 0 1 (0-8) 7 (2-18) 3 (1-8) 7 (2-9) 
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TABLE II. Prevalence of fascioliasis (Fasciola hepatica) in wild ruminants from Sierra de Cazorla, Segura and Las Villas Natural Park (South Spain) (N 
= 212). Prevalences are expressed as the value and the 95% confidence interval (CI). TP: true prevalence. 
Bovidae 
Mounon Spanish ibex Total 
% TP (95% CI) % TP (95% CI) % TP (95% CI) 
Age (yr) Gender N FhES-ELISA Necropsy N FhES-ELISA Necropsy N FhES-ELISA Necropsy 
<2 Female 4 0 0 I 0 0 5 0 0 
Male 5 20 (4--62) 0 2 0 0 7 14 (3-51) 0 
>2 Female 34 15 (6-30) 0 10 10 (2-40) 0 44 14 (6--27) 0 
Male 6 0 0 7 29 (8-64) 0 13 15 (4-42) 0 
Cervidae 
Red deer 
% TP (95% CI) 
Age (yr) Gender N FhES-ELISA Necropsy N 
<2 Female 4 25 (5-70) 0 20 
Male 14 43 (21-67) 7 (1-31) 12 
>2 Female 19 21 (9-43) 11 (3-31) 37 
Male 7 57 (25-84) 0 30 
highest percentages of seropositive animals were obtained among 
the cervids (X2 = 28.344, P = 0.001) and by host species, with 
fallow deer exhibiting the highest values (X2 = 36.095, P = 0.001) 
(Tables I, II). Males provided a significantly greater percentage of 
positive cases to the FhES-ELISA than females in all the species 
analyzed (X2 = 8.176, P = 0.001) (Table II). The older animals 
revealed a higher seroprevalence than the young, but the 
differences were not significant (P > 0.05). 
The simultaneous analysis of these data using the CHAID 
probe indicated that the FhES-seroprevalence was initially 
divided into 3 groups relative to the species of ruminants, with 
the highest values in fallow deer. This group was then divided into 
2 clusters according their age, wherein the highest seroprevalence 
occurred in the oldest animals (>2 yr). 
The overall prevalence of fascioliasis by necropsy was 2% (CI = 
1-5). No F hepatica flukes were recovered from the livers of 
bovids (mouflon and Spanish ibex), whereas 3% (CI = 2-8) of 
cervids were infected with adult flukes, with the highest values in 
red deer (7%; CI = 2-18) (Table 11). 
Similar percentages of positive animals for F hepatica were 
obtained in each age group, and the same was observed when 
considering gender (Table II). No .statistical differences were 
observed in the prevalence of adult F hepatica with regard to host 
species, age, or sex of the animals. 
Dicrocoelium dendriticum (lancet flukes) 
Thirty-four (CI=28-41) percent of wild ruminants had anti-
bodies against the DdES. A seroprevalence significantly higher 
than 50% was observed among bovids (X2 = 19.299, P = 0.001) 
(Table III). The Spanish ibex had the greatest values and fallow 
deer the lowest (X2 = 27.204, P = 0.001). 
Results showed significantly higher seropositivity in animals 
older than 2 yr (X2 = 5.453, P = 0.020). No differences in the 
seroprevalences were observed between females and males. The 
Fallow deer Total 
% TP (95% CI) % TP (95% CI) 
FhES-ELISA Necropsy N FhES-ELISA Necropsy 
35 (18-57) 5 (1-24) 24 33 (18-53) 4 (1-20) 
50 (25-75) 0 26 46 (29-64) 4 (0-19) 
59 (43-74) 0 56 46 (34--59) 4 (0-12) 
77 (59-88) 3 (1-17) 37 73 (57-85) 3 (0--14) 
DdES-seroprevalence was first examined using the CHAID test in 
terms of the species of wild ruminants, with the highest values in 
the group formed by mouflons, Spanish ibex, and red deer. This 
group was divided into 2 according to their age, and the highest 
seroprevalence was observed in the oldest ruminants (>2 yr). 
Lancet flukes were collected from 3% (CI = 1-7) of cervids 
(Table III). Only mouflons were positive at necropsy in the bovid 
group, while only a small percentage of cervids had D. dendriticum 
in their livers, and the highest values were observed in the red 
deer. 
Lancet flukes were only observed in ruminants older than 2 yr, 
while females exhibited a higher prevalence than males. No 
significant differences were observed by host species, age, or 
gender (P > 0.05) .. 
Mixed infections 
The simultaneous presence of antibodies against FhES and 
DdES was observed in 34 of the sampled animals (Table IV), but 
only I red deer had flukes belonging to F hepatica and D. 
dendriticum at necropsy. 
Comparison of macroscopic and serological test results 
Results from the comparison of the 2 diagnostic probes were 
similar for F hepatica and D. dendriticum (Table V). A very small 
percentage of animals were found positive for both necropsy and 
ELISA, whereas in more than half of the animals both tests were 
negative. 
DISCUSSION 
The exposure of wild ruminants to liver trematodes was 
analyzed in a Spanish natural park (Sierra de Cazorla, Segura 
and Las Villas, southern Spain). At necropsy, F hepatica flukes 
were only observed in 3% of the cervids (7% in red deer and 2% in 
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TABLE III. Prevalence of dicrocoeliasis (Dicrocoelium spp.) in wild ruminants from Sierra de Cazoria, Segura and Las Villas Natural Park (South Spain) 
(N = 212). Prevalences are expressed as the value and the 95% confidence interval (CI). TP: true prevalence. 
Bovidae 
Mouflon Spanish ibex Total 
% TP (95% CI) % TP (95% CI) % TP (95% CI) 
DdES- DdES- DdES-
Age (yr) Gender N ELISA Necropsy N ELISA Necropsy N ELISA Necropsy 
<2 Female 4 25 (5-70) 0 I 0 0 5 20 (4-62) 0 
Male 5 20 (4-62) 0 2 0 0 7 14 (3-51) 0 
>2 Female 34 62 (45-76) 3 (1-15) 10 70 (40-89) 0 44 64 (49-76) 2 (0-12) 
Male 6 50 (19-81) 0 7 71 (36-92) 0 13 61 (35-82) 0 
Cervidae 
Red deer 
% TP (95% CI) 
DdES-
Age (yr) Gender N ELISA Necropsy 
<2 Female 4 50 (15-85) 0 
Male 14 43 (21-67) 0 
>2 Female 19 42 (23-64) 16 (6-37) 
Male 7 29 (8-64) 0 
fallow deer). Adult lancet flukes were collected in bovids 
(mouflons) and cervids. Only a single red deer harbored 
specimens belonging to both species. In a previous investigation 
conducted in a nearby locality, adult F hepatica were observed in 
0.5% of the Spanish ibex (bovidae) (Alas sad et a!., 2008). 
Ingestion of metacercariae typically stimulates the production 
of antibodies in the definitive host. An immunoenzyme assay for 
excretory/secretory antigens of both F hepatica (FhES) and D. 
dendriticum (DdES) adults was developed to obtain information 
regarding the immuno-sensitivity of the animals for both 
trematodes. Results revealed a 92% sensitivity and 94.4% 
specificity for the ELISA-FhES, and 86% and 93%, respectively, 
for the ELISA-DdES (Sanchez-Andrade et a!., 2002, 2003). The 
seroprevalence of fascioliasis was 39% in the present research, 
with significantly elevated percentages in cervids. An overall 34% 
seroprevalence of dicrocoeliasis was found in the current 
investigation, with significantly greater values in bovids. 
Application of immunoenzymatic tests requires the resolution 
of several issues. The first deals with the establishment of a cut-off 
point. According to previous investigations, these values were 
calculated as the mean optical density of nega,tive sera plus 2 standard 
deviations, and sera from 5 animals younger than 2 yr and without 
Fallow deer Total 
% TP (95% CI) % TP (95% CI) 
DdES- DdES-
N ELISA Necropsy N ELISA Necropsy 
20 20 (8-42) 0 24 25 (12-45) 0 
12 0 0 26 23 (11-42) 0 
37 19 (9-34) 3 (0-13) 56 27 (17-40) 7(3-17) 
30 20 (9-37) 7 (2-21) 37 22 (11-37) 5 (2-18) 
flukes at necropsy were considered as negative controls (Paz Silva et 
a!., 2003). These values were 0.285 (bovidae) and 0.304 (cervidae) 
against FhES, and 0.265 (bovidae) and 0.294 (cervidae) against DdES. 
In similar studies carried out in endemic areas with fascioliasis, a cut-
off point of 0.3008--0.4006 was used for sheep and 0.396 for cattle 
(Sanchez-Andrade et a!., 2002, 2003; Paz-Silva et a!., 2003). 
The second feature for consideration rests with the occasional 
difficulty in interpreting the serology of disease surveys. Most of 
the diagnostic tests have imperfect sensitivity and specificity. 
Accordingly, a distinction between true prevalence (the propor-
tion of a population that is actually infected) and apparent 
prevalence (the proportion of the population that tests positive 
for the disease) should be established (Greiner and Gardner, 
2000). For resolving this situation, the true prevalence in the 
present research was calculated by establishing sensitivity and 
specificity (Rogan and Gladen, 1978; Arias et a!., 2010). 
The combined analysis of our results reveals that cervids are 
mainly at risk of infection by F hepatica and bovids by D. 
dendriticum. These differences could be explained based on the 
habitat preference and behavior of the wild ruminants. It is well 
known that cervids forage primarily in forest and open 
grasslands, grazing on herbaceous plants (especially grasslands 
TABLE IV. Presence of mixed infection by hepatic trematoda in wild ruminants from Sierra de Cazoria, Segura and Las Villas Natural Park (South 
Spain) (N = 212). Prevalences are expressed as the value and the 95% confidence interval (CI). 
ELISA Necropsy 
FhES DdES N % (95% CI) F hepatica Dicrocoelium spp. N % (95% CI) 
+ + 34 16 (11-21) + + 0.5 (0-1) 
+ 48 23 (17-28) + 4 2 (0-4) 
+ 39 18 (13-24) + 6 3 (1-5) 
91 43 (36-50) 201 94.5 (92-98) 
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TABLE V. Comparison of the results obtained by necropsy and ELISA for the detection ofliver trematodes in wild ruminants from Sierra de Cazorla, 
Segura and Las Villas Natural Park (South Spain) (N = 212). Prevalences are expressed as the value and the 95% confidence interval (CI). 
Necropsy FhES N % (95% CI) 
+ + 3 I (O-J) 
+ 79 37 (32-42) 
+ 2 I (0-2) 
128 60 (55-65) 
with a high proportion oflegumes) in areas close to watercourses 
(Alados, 1986). These localities offer a suitable habitat for the 
survival of lymnaeid snails (Galba truncatula) that serve as 
intermediate hosts for F. hepatica. In contrast, bovids occur 
mostly in mountainous habitats (1,000-2,000 m), where they 
forage mainly at daybreak and at dusk in forests or pastures, 
grazing on low-branching trees taking all the leaves as well as the 
bark. Dry zones in lowland or mountain pastures provide 
adequate conditions for the presence of the intermediate hosts 
for D. dendriticum, i.e., terrestrial snails and various ant species 
(Diaz et aI., 2007). When the temperature falls (early morning/ 
daybreak and late evening/dusk) the metacercariae of D, 
dendriticum in the sub-esophageal ganglia alters the ant behavior, 
which causes the ant to remain fixed (by the paralysis of jaw 
muscle) at the top of the plants, thereby increasing the risk of 
infection (Alados, 1986; Manga-GonzaIez et aI., 2005). 
Some results of the present study remain difficult to explain. 
Serological data revealed gender-differences in the seroprevalence 
of infection by F. hepatica, with significantly higher values in male 
hosts, We have not found an explanation for these results. Except 
for mouflon herds, the wild ruminants sampled in this investiga-
tion are distributed according to their gender. In female family 
groups, mothers live with their offspring for 2-3 yr in more 
restricted areas than the males (Gomis, 2006). Our results disagree 
with previous data in cattle (Spithill et aI., 1999), where elevated 
prevalences of fasciolosis in cows were justified on the basis of 
stress during pregnancy and parturition. In a recent investigation 
carried out in indigenous horses feeding in forest areas, mares 
were at a higher risk of exposure to F. hepatica (Arias et aI., 2012). 
Another interesting result was the observation that seroprev-
alence for dicrocoeliasis increased significantly with the age of the 
animals. One possible explanation suggests that young animals 
are less exposed to infective stages of the trematodes, as observed 
in cattle (Sanchez-Andrade et aI., 2002). Another reason may 
relate to the development of resistance after initial exposure to F. 
hepatica (Hillyer et aI., 1996), i.e" adult flukes were observed only 
in the oldest ruminants (>2 yr) living jn the park. 
Two areas are defined in the SCSV Natural Park, a central zone 
where the presence of domestic grazing animals is prohibited and 
the peripheral area in which extensive animal farming is common. 
An inability by wild cervids to maintain populations of F. 
hepatica without the presence of domestic hosts has been noted 
(Pybus, 2001), but no information is available regarding D. 
dendriticum. This implies that domestic and wild ruminants are 
sharing areas, presumably at the park boundaries, because 
domestic livestock do not have access to other different areas 
inside it. The possibility that wild ruminants are not confined to 
the central region in the park must be considered. 
This is the first work in which the seroprevalence of F. hepatica 
or D. dendriticum in wild ungulates has been investigated. Our 
Necropsy DdES N % (95% CI) 
+ + 2 1 (0-2) 
+ 71 33 (29-38) 
+ 5 2 (1-4) 
134 63 (58-68) 
results indicate that a third of the sampled animals have been 
exposed to these parasites. In view of the results achieved, a more 
detailed surveillance is needed to reduce or prevent the presence of 
uncontrolled and infected domestic ruminants in this natural 
park. The application of serological tests based on the detection 
of antibodies is strongly encouraged to obtain more useful 
information regarding the risk of exposure to liver trematodes in 
wildlife animals. 
ACKNOWLEDGMENTS 
We are grateful to Food and Agrarian National Technology Institute 
(MEC, Spain) for providing support to the project AGL-2002-02916. Also 
this work was supported by an "Angeles Alvarifio" and a "Parga Pondal" 
postdoctoral research grants and a post-doctoral fellowship (Xunta de 
Galicia, Spain) to Dr. M.S. Arias. 
LITERATURE CITED 
ALADOS, C. L. 1986. Time distribution of activities in the Spanish ibex, 
Capra pyrenaica. Biology of Behaviour 11: 70-82. 
ALASAAD, S., J. E. GRANADOS, F. J. CANO-MANUEL, A. MEANA, X. Q. ZHU, 
AND J. M. PEREZ. 2008. Epidemiology of fasciolosis affecting Iberian 
ibex (Capra pyrenaica) in southern Spain. Parasitology Research 102: 
751-755. 
ARIAS, M., C. LOMBA, V. DACAL, L. VAZQUEZ, J. PEDREIRA, 1. FRANCISCO, 
P. PINEIRO, C. CAZAPAL-MoNTEIRO, J. L. SUAREZ, P. DIEz-BANOS, 
ET AL. 2011. Prevalence of mixed trematode infections in an abattoir 
receiving cattle from northern Portugal and north-west Spain. 
Veterinary Record 168: 408. 
---, P. PINEIRO, G. V. HILLYER, 1. FRANCISCO, C. F. CAZAPAL-
MONTEIRO, J. L. SUAREZ, P. MORRONDO, R. SANCHEZ-ANDRADE, AND 
A. PAZ-SILVA. 2012. Enzyme-linked immunosorbent assays for the 
detection of equine antibodies specific to a recombinant Fasciola 
hepatica surface antigen in an endemic area. Parasitology Research 
110: 1001-1007. 
---, ---, ---, J. L. SUAREZ, 1. FRANCISCO, F. J. CORTINAS, P. 
DtEZ-BANOS, P. MORRONDO, R. SANCHEZ-ANDRADE, AND A. PAZ-
SILVA. 2010. An approach of the laboratory to the field: Assessment 
of the influence of cattle management on the seroprevalence of 
fascioliasis by using polyclonal- and recombinant-based ELISAs. 
Journal of Parasitology 96: 626-631. 
CAMARA, L., K. PFISTER, AND A. AESCHLIMANN. 1996. Analyse histopatho-
logique de foie de bovin infeste par Dicrocoelium dendriticum. 
Veterinary Research 27: 87-92. 
COLES, G" AND K. STAFFORD, 2010, Seroprevalence of Fasciola hepatica in 
dairy herds. Veterinary Record 166: 765. 
CORDERO DEL CAMPILLO, M., AND F. A. RoJO-VAZQUEZ, 1999. Parasitologia 
veterinaria. McGraw Hill, Mexico City, D.F., p. 77-78, 221-222, 
620-623. 
DASZAK, p" AND A. A. CUNNINGHAM. 2000. More on the ecological impact 
of fungal infections on wildlife populations. Parasitology Today 16: 
404-405. 
DIAZ, P., A. PAZ-SILVA, R. SANCHEZ-ANDRADE, J. L. SUAREZ, J. PEDREIRA, 
M. ARIAS, P. DIEZ-BANOS, AND P. MORRONDO. 2007. Assessment of 
climatic and orographic conditions on the infection by Calicophoron 
daubneyi and Dicrocoelium dendriticum in grazing beef cattle (NW 
Spain). Veterinary Parasitology 149: 285-289. 
DiEz-BAfios, N., A. MARTiNEZ, AND M. R. HIDALGO. 2009. Comparative 
survey of hepatic parasites in wild ruminants from three regional 
hunting reserves in the north of Leon Province (Spain). Acta 
Parasitologica Portuguesa 16: 138. 
GOMIS, J. 2006. Especies y frecuencias de Ix6didos que parasitan a los 
rumiantes silvestres del Parque Natural de las Sierras de Cazorla, 
Segura y Las Villas. Memoria de Licenciatura, Facultad de 
Veterinaria, Universidad de Murcia, Murcia, Spain, 134 p. 
GREINER, M., AND I. A. GARDNER. 2000. Application of diagnostic tests in 
veterinary epidemiologic studies. Preventive Veterinary Medicine 45: 
43-59. 
HILLYER, G. V., M. SOLER DE GALANES, P. BUCHON, AND J. BJORLAND. 
1996. Herd evaluation by enzyme-linked immunosorbent assay for 
the determination of Fasciola hepatica infection in sheep and cattle 
from the altiplano of Bolivia. Veterinary Parasitology 61: 211-220. 
LAViN, S., I. MARCO, C. VILAFRANCA, C. FELIU, AND L. VINAS. 1998. 
Dicrocoeliwn dendriticum infestation of mouflons (Ovis musimon) in 
Catalonia. Veterinary Record 143: 396. 
MAGI, B., E. FRUTI, L. BERNINI, A. SANSONI, AND G. ZANELLI. 2009. 
Dicrocoeliwn dendriticum: A true infection? Le Infezione in Medicina 
17: 115-116. 
MANGA-GONZALEZ, M. Y., AND C. GONzALEZ-LANZA. 2005. Field and 
experimental studies on Dicrocoelium dendriticum and dicrocoeliasis 
in northern Spain. Journal of Helminthology 79: 291-302. 
---, ---, E. CABANAS, AND R. CAMPO. 2001. Contributions to and 
review of dicrocoeliosis, with special reference to the intermediate 
hosts of Dicrocoelium dendriticum. Parasitology 123: 91-114. 
MARCOS, L. A., A. TERASHIMA, G. LEGUIA, M. CANALES, J. R. ESPINOZA, 
AND E. GOTUZZO. 2007. Fasciola hepatica infection in Peru: An 
emergent disease. Revista de Gastroenterologia Peruana 27: 389-396. 
OTRANTO, D., AND D. TRAVERSA. 2003. Dicrocoeliosis of ruminants: A 
little known fluke disease. Trends in Parasitology 19: 12-15. 
PANAYOTOVA-PENCHEVA, M. S. 2006. New records of protostrongylid 
lungworms from wild ruminants in Bulgaria. Veterinarni Medicina 
51: 477--484. 
PAZ-SILVA, A., M. ARIAS, I. FRANCISCO, F. J. CORTINAS, R. FRANCISCO, E. 
MOCHALES, J. L. SUAREZ, P. DIEZ-BANOS, P. MORRONDO, AND R. 
SANCHEz-ANDRADE. 2010. Cross-immunity and interpretation of the 
diagnostics of parasitic trematodosis in ruminants by means of 
immunoenzymatic probes. In Veterinary parasitology, Gregory V. 
LaMann (ed.). Novapublishers, New York, New York, p. 289-302. 
---, R. SANCHEZ-ANDRADE, J. L. SUAREZ, J. PEDREIRA, M. ARIAS, C. 
L6PEz, R. PANADERO, P. DiAZ, P. DIEZ-BANOS, AND P. MORRONDO . 
. , 
ARIAS ET AL.-TREMATODE INFECTIONS IN WILD RUMINANTS 759 
2003. Prevalence of natural ovine fasciolosis shown by demonstrating 
the presence of serum circulating antigens. Parasitology Research 91: 
328-331. 
PvBUS, M. J. 2001. Liver flukes. In Parasitic diseases of wild mammals, 
W. M. Samuel, M. J. Pybus, and A. A. Kocan (eds.). MansonfThe 
Veterinary, London, U.K., p. 121-149. 
RADOSTlTS, O. M., C. C. GAY, D. C. BLOOD, AND K.W. HINCHCLIFF. 2000. 
Veterinary medicine. A textbook of the diseases of cattle, sheep, pigs, 
goats and horses. W.B. Saunders Co., Ltd., London, U.K., p. 948-
958. 
RAMAJO MARTiN, V., R. PEREZ SANCHEZ, A. RAMAJO HERNANDEZ, AND A. 
OLEAGA. 2007. Preliminary data about the parasitism caused by 
protozoa, helminths and ticks in cervids and wild bovidae from 
Salamanca (western Spain). Revista Iberica de Parasitologia-
Research and Reviews in Parasitology 67: 69-79. 
ROGAN, W. J., AND B. GLADEN. 1978. Estimating prevalence from the 
results ofa screening test. American Journal of Epidemiology 107: 71. 
RUIZ DE YBANEZ, M. R., C. MARTiNEZ-CARRASCO, F. D. ALONSO, AND L. 
LE6N. 2009. Lungworm infection of wild ruminants in the Sierras de 
Cazorla, Segura and Villas Natural Park (Jaen, Espana). Acta 
Parasitologica Portuguesa 16: 184--185. 
SANCHEZ-ANDRADE, R., A. PAZ-SILVA, J. L. SUAREZ, M. ARIAS, C. L6PEz, 
P. MORRONDO, AND A. SCALA. 2003. Serum antibodies to Dicrocoe-
lium dendriticum in sheep from Sardinia (Italia). Preventive Veteri-
nary Medicine 57: 1-5. 
---, ---, ---, R. PANADERO, J. PEDREIRA, C. L6PEz, P. DIEZ-
BANOS, AND P. MORRONDO. 2002. Influence of age and breed on 
natural bovine fasciolosis in an endemic area (Galicia, NW Spain). 
Veterinary Research Communications 26: 361-370. 
SHIMALOV, V. V., AND V. T. SHIMALOV. 2000. Findings of Fasciola hepatica 
Linnaeus, 1758 in wild animals in Belorussian Polesie. Parasitology 
Research 86: 527. 
---, AND ---. 2003. Helminth fauna of cervids in Belorussian 
Polesie. Parasitology Research 89: 75-76. 
SPITHILL, T. W., P. M. SMOOKER, AND D. B. COPEMAN. 1999. Fasciola 
gigantica: Epidemiology, control, immunology and molecular biolo-
gy. In Fasciolosis, J. P. Dalton (ed.). CABI Publications, Wallingford, 
Oxon, UK, p. 465-525. 
THRUSFIELD, M. 2005. Veterinary epidemiology. Blackwell, Oxford, U.K., 
584 p. 
YEATES, N. T. M., AND P. J. SCHMIDT. 1974. Beef cattle production, 
Butterworths Pty. Ltd., Sydney, Australia, 323 p. 
J. Parasitoi., 98(4),2012, pp. 76rJ-767 
© American Society of Parasitologists 2012 
METAGONIMOIDES OREGONENSIS (HETEROPHYIDAE: DIGENEA) INFECTION IN 
PLEUROCERID SNAILS AND DESMOGNATHUS QUADRAMACULATUS SALAMANDER 
LARVAE IN SOUTHERN APPALACHIAN STREAMS 
Lisa K. Belden, William E. Peterman*, Stephen A. Smitht, Lauren R. Brooks, E. F. Benfield, Wesley P. Black, Zhaomin 
Yang, and Jeremy M. Wojdak:j: 
Department of Biological Sciences, Virginia Tech, Blacksburg, Virginia 24061. e-mail: belden@vt.edu 
ABSTRACT: Metagonimoides oregonensis (Heterophyidae) is a little-known digenetic trematode that uses raccoons and possibly mink 
as definitive hosts, and stream snails and amphibians as intermediate hosts. Some variation in the life cycle and adult morphology in 
western and eastern populations has been previously noted. In the southern Appalachians, Pleurocera snails and stream salamanders, 
e.g., Desmognathus spp., are used as intermediate hosts in the life cycle. We completed a series of studies in this system examining some 
aspects of larval trematode morphology and first and second intermediate host use. Molecular sequencing of the 28S rDNA of 
cercariae in our survey placed them clearly within the heterophyid family. However, light and scanning electron microscopy revealed 
both lateral and dorso-ventral finfolds on the cercariae in our region, whereas original descriptions of M. oregonensis cercariae from 
the west coast indicate only a dorso-ventral finfold, so further work on the systematics of this group may be warranted. A survey of 
first intermediate host, Pleurocera proxima, from 7 streams in the region identified only M. oregonensis, virgulate-type cercariae, and 
cotylomicrocercous-type cercariae in the streams, with M. oregonensis having the highest prevalence, and the only type present that use 
amphibians as second intermediate hosts. Based on clearing and staining of 6 Desmognathus quadramaculatus salamander larvae, we 
found that individual salamanders could have over 600 metacercariae, which form between muscle fibers throughout the body. 
Histological observations suggest that the metacercariae do not cause excessive tissue damage or inflammation, and likely persist 
through metamorphosis, thereby transmitting potentially large numbers of worms to definitive host raccoons foraging along streams. 
Amphibians serve as either intermediate or definitive hosts for 
hundreds of species of digenetic trematodes (Smyth and Smyth, 
1980; Prudhoe and Bray, 1982). Most studies examining trema-
todes in amphibians have been parasite surveys, establishing 
intensity and prevalence of infection of various parasites in 
amphibian hosts (Najarian, 1955; Goater et aI., 1987; McAlpine 
and Burt, 1998). More recently, surveys have been expanded to 
examine the influence of landscape level variables in determining 
parasite community structure within amphibian populations 
(Koprivnikar et aI., 2006; Schotthoefer et aI., 2011). A few ad-
ditional studies have described parasite life cycles of species using 
amphibians as definitive hosts and have begun investigating host~ 
parasite interactions (Joy and Pennington, 1998; Zelmer and Esch, 
2000; Bolek and Janovy, 2008; Bolek et aI., 2010). 
Some trematode species that use amphibians as intermediate 
hosts have also become the focus of more intensive study in recent 
years. For example, significant mortality and dramatic limb 
malformations can be associated with Ribeiroia ondatrae infection 
in larvae of some amphibian species (Johnson et aI., 1999, i002). 
Echinostomes are another group that has received increased 
attention in recent years. Numerous species within this family, 
e.g., Echinostoma trivolvis, Echinostoma revolutum, and Echino-
paryphium spp., use larval amphibians as second intermediate 
hosts and can alter tadpole kidney function, and sometimes cause 
edema, especially in young tadpoles .(Schotthoefer et aI., 2003; 
Holland et aI., 2007). Studies of both R. ondatrae and 
echinostomes are appearing more frequently in the ecological 
literature, in part because they have proved to be useful systems 
for elucidating general ecological processes underlying disease 
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dynamics in natural systems (Johnson et aI., 2008; Szuroczki and 
Richardson, 2009; Belden and Wojdak, 2011). However, for most 
of the trematode species that infect amphibians, little remains 
known beyond basic infection information. 
Metagonimoides oregonensis was first described from adult 
parasites collected from the small intestine of a raccoon in Oregon 
(Price, 1931). Soon after, definitive host surveys established the 
presence of this trematode across much of the United States, from 
North Carolina to Oregon, and subsequently the life cycle was 
experimentally determined in the laboratory (Burns and Pratt, 
1953). Raccoons, and possibly mink, appear to be the primary 
definitive hosts, with adult parasites found in the small intestine. 
Eggs are passed in the feces, and miracidia infect stream-dwelling 
prosobranch snails, which serve as the first intermediate host. It 
remains unknown whether the miracidia are free-swimming or 
must be consumed by the first intermediate host snails (Burns and 
Pratt, 1953). In the western United States, the first intermediate 
host are Juga spp. (= Oxytrema = Goniobasis), while in the eastern 
United States the first intermediate host are Pleurocera spp. 
(= Goniobasis, Dillon, 2011). Cercariae develop within rediae in 
the snails; there is no sporocyst stage. In Oregon, multiple 
variations of the life cycle have been reported. Metagonimoides 
using Juga (= Oxytrema) silicula either form metacercariae within 
the snails or produce free-swimming cercariae that then form 
metacercariae in Rana spp. frogs (Burns and Pratt, 1953). The 
latter authors experimentally confirmed that cercariae could 
penetrate red-legged frogs, Rana aurora, which was suggested to be 
a common natural host for the parasite, as well as leopard frogs, 
Rana pipiens, and bullfrogs, Lithobates catesbeianus (= Rana 
catesbeiana). However, Metagonimoides using Juga (=Oxytrema) 
nigrina appear to lack a free-swimming stage and form metacer-
cariae only within the first intermediate snail host (Ingles, 1935). In 
North Carolina, Lang and Gleason (1967) suggested that there 
were no metacercariae formed within the snails hosts; all rediae 
produced free-swimming cercariae that leave the snail and infect 
larval stream salamanders, especially Desmognathus quadramacu-
latus, black-bellied salamanders, Lang et a!. (1968) followed up 
these studies on life cycle variation by examining adult parasites 
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collected from raccoons in Oregon and North Carolina. They 
suggested that there were "significant differences in morphology" 
and that M. oregonensis from these different sites should be 
considered "separate strains of the same species." A complex of 
cryptic Metagonimoides species may exist, so we caution that our 
usage of "Metagonimoides oregonensis" throughout the manuscript 
is based on current knowledge, and nomenclature may change with 
future studies. Since the study of Lang et ai. (1968), little work 
beyond the mention of M oregonensis in host surveys (e.g., Goater 
et aI., 1987) has been done on this parasite system. 
The goal of the present study was to begin to explore the host-
parasite interactions in this system, with a focus on first inter-
mediate host Pleurocera proxima snails, and a commonly noted 
second intermediate host salamander, D. quadramaculatus. This 
salamander species is highly aquatic, spending more time in the 
streams than most of the other Desmognathus spp. salamanders 
in the eastern United States. They are, therefore, likely to be 
commonly exposed to trematode cercariae emerging from stream-
dwelling snails. In addition, they occur at exceptionally high 
density in Appalachian headwater streams, with adults and 
juveniles reported at a density of greater than 1.1 per m2 and 
larvae reported at densities up to 29 per m2 (Peterman et aI., 2008; 
Milanovich, 2010). These high densities might allow efficient 
parasite transmission to the definitive hosts. We sequenced the 
28S rDNA of M oregonensis cercariae and used light and 
scanning electron microscopy to characterize the morphology of 
M. oregonensis larval forms. We also surveyed first intermediate 
host P. proxima snails and second intermediate host D. 
quadramaculatus larvae to estimate infection prevalence, exam-
ined the possible correlation between visible metacercariae and 
total metacercariae within larval salamanders, and completed 
histological observations to examine the distribution of cysts 
within the salamanders and the potential host response to 
infection. 
MATERIALS AND METHODS 
Initially, snails and salamanders for this study were collected from an 
un-named headwater stream in the Little Tennessee River Basin in the 
Nantahala National Forest, Macon County, North Carolina (hereafter 
referred to as the primary study site). Pleurocera (=Goniobasis) proxima 
were first collected from the site in January (n = 52) and April (n = 98), 
2007. Snails were returned to the laboratory and placed in individual 120-
ml cups filled with dechloraminated tap water at room temperature for 3-
4 hr, and then screened for free-swimming cercariae (patent infections) 
using a stereomicroscope. Emerging cercariae were removed from the cups 
with a pipette, placed on slides, and viewed and photographed using both 
brightfield viewing, following staining with neutral red, and darkfield 
viewing with no staining. Initial identifications were done using Schell 
(1985) and, for the most abundant cercariae fl1at were being shed, which 
were tentatively identified as M. oregonensis, they were also compared 
with the description of Bums and Pratt (1953). Several cercariae samples 
from individual snails were preserved in 95% ethanol and stored at -20 C 
for subsequent molecular sequencing. 
To provide further evidence for the tentative morphological identifica-
tion of M. oregonensis, molecular sequencing of the Is rDNA of cercariae 
was performed using a modified set of procedures from Olson et ai. (2003). 
A sample of -10 cercariae from a single snail obtained from the initial 
North Carolina site was used for sequencing. Immediately prior to DNA 
extraction, the sample was rinsed 3 times in Buffer TE, and total DNA 
was extracted using the QIAamp DNA Micro Kit (Qiagen, Germantown, 
Maryland), following the manufacturer's instructions. The Is rDNA was 
amplified via PCR using Ready-To-Go PCR beads (GE Healthcare, 
Piscataway, New Jersey) according to the manufacturer's instructions 
using the primers (LSU5 and 1500R) and cycling parameters from Olson 
et ai. (2003). The resulting PCR product with an expected size of 
approximately 1,400 base pairs was blunt ended using T4 DNA 
polymerase (New England Biolabs, Ipswich, Massachusetts) and gel 
extracted using the QIAquick Gel Extraction Kit (Qiagen, Germantown, 
Maryland). The PCR product was ligated into the EcoRV site in pZErO-2 
(Life Technologies, Carlsbad, California) using the Quick Ligation Kit 
(New England Biolabs, Ipswich, Massachusetts) and transformed into 
DH5CJ(-MCR (Life Technologies, Carlsbad, California). Plasmids with the 
correct size insert were identified by colony PCR screening of the 
transformants. Correct transformants were subsequently used for plasmid 
isolation using the QIAprep Spin Miniprep Kit (Qiagen). The isolated 
plasmid was subjected to DNA sequencing using the BigDye Terminator 
v3.1 Cycle Sequencing Kit (Life Technologies, Carlsbad, California) and 
the universal M13F and M13R vector priming sites. Sequence acquisition 
was performed by the Genome Sequencing and Analysis Core Resource 
(Duke University, Durham, North Carolina), and chromatograms were 
analyzed with Chromas (Technelysium, Brisbane, Queensland, Australia). 
We completed a BLAST search to determine sequence similarity of the 
resulting 1,381 bp sequence, which was deposited in GenBank under the 
accession number JQ995473. 
We placed our sequence within a phylogenetic framework of published 
Heterophyidae sequences. Representative sequences from the 28S region 
of heterophyids were accessed on GenBank, and Rugogaster hydrolagi 
(Rugogastridae) and Heronimus mollis (Heronimidae) were selected as 
outgroups for the analysis (Olson et aI., 2003). Sequences were aligned in 
MEGA5 (Tamura et aI., 2011) using Clustal W (Larkin et aI., 2007). We 
used the web-based program FindModel (Los Alamos National Labora-
tory, 2010) to identify our most likely nucleotide substitution model. We 
then constructed maximum likelihood and Bayesian trees using MEGA5 
and MrBayes 3.1.2, respectively (Huelsenbeck and Ronquist, 2001; 
Tamura et aI., 2011). For the likelihood analysis we used 10,000 bootstrap 
replicates to estimate node support for trees constructed using the general 
time reversible (GTR) model with gamma-distributed mutation rates. 
Bayesian trees were constructed using the same GTR evolutionary model 
with gamma-distributed rate variation. Analysis consisted of 2 concurrent 
runs with 4 simultaneous chains for 5 X 106 generations with a sample 
frequency of 1,000. Convergence of the topology was assumed when the 
split standard deviation between runs was <0.01. 
. .To provide additional detail on the morphology of M. oregonensis larval 
forms in the region, we examined additional cercariae and rediae in 2011 
using scanning electron microscopy. We collected rediae and cercariae 
from infected P. proxima snails that were identified morphologically as M. 
oregonensis using the same light microscopy procedures outlined above. 
These samples were collected in southwest Virginia, approximately 250 km 
northeast of the site in North Carolina; cercariae were morphologically 
identical to the North Carolina samples. After dissecting the snails and 
removing the trematode larvae (cercariae and rediae), they were 
submerged in 3% glutaraldehyde/3% formaldehyde in 0.1 M sodium 
cacodylate buffer at pH 7.4 for > 1 hr. Tissues were then rinsed in water 
for 5 min, submerged in 2% OS04 for 5 min, rinsed again in water for 
5 min, then processed through a series of increasing concentrations of 
ethanol (25, 50, 75, 85, 95, 100, 100%) for 5 min each. Tissues were dried 
by submerging them in hexamethyldisilazane and allowed to air dry, then 
sputter coated with gold. Electron micrographs were taken with a JEOL 
Neoscope environmental SEM at 10 kv. 
A snail survey of an additional 6 streams in the Little Tennessee River 
Basin"in North Carolina was completed in summer 2009 to obtain a 
broader spatial perspective of M. oregonensis prevalence in first 
intermediate host snails, P. proxima. At each site, between 26 and 53 
snails were haphazardly collected. These were dissected in the laboratory, 
and larval trematodes were identified morphologically as either M. 
oregonensis, virgulate-type cercariae, or cotylomicrocercous-type cercariae 
(Schell, 1985). Of these types, only M. oregonensis use amphibians as 
second intermediate hosts. Goater et ai. (1987) surveyed over 350 
Desmognathus spp. salamanders in western North Carolina and described 
2 larval trematodes encysting in them, with M. oregonensis being the only 
species encysting in the muscle fibers. 
In North Carolina, D. quadramaculatus can have up to a 4-yr larval 
period, with hatchlings emerging from eggs during the summer at a size of 
approximately 11-16 .mm SVL (snout-vent length) and metamorphosis 
into a juvenile stage occurring when individuals are approximately 35-
45 mm SVL (Petranka, 1998). We examined M. oregonensis infection 
intensity in 6 D. quadramaculatus larvae (SVL range 13-26 mm) collected 
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FIGURE 1, Metacercariae from Desmognathus quadramaculatus, (A) Cysts visible on ventral surface of salamander larva. (B) Same salamander 
following clearing and staining. (C) Close-up of metacercariae following clearing and staining. (D) Individual metacercaria embedded between 
muscle fibers. 
in 2008 from the primary field site described above by counting the 
number of visible metacercariae cysts on the ventral surface between both 
sets of limbs (Fig. lA) and then comparing visible cyst number with total 
infection of the same body region enumerated after clearing and staining 
(Fig. IB, C). The clearing and staining protocol, which results in blue 
cartilage and red bones in transparent soft tissue, was modified from 
Hanken and Wassersug (1981), After killing salamanders in buffered MS-
222, specimens were fixed in 10% neutral buffered formalin for at least 
24 hr and then rinsed in tap water severarfimes before being post-fixed 
and stored in 70% ethanol until processing. For staining, specimens were 
placed in a solution of alcian blue cartilage stain for 24 hr (20 mg alcian 
blue in a solution of 70 ml 100% ethanol:30 ml glacial acetic acid), They 
were then transferred to a solution of 70 ml 100% ethanol:30 ml glacial 
acetic acid for 1 hr, then to 100% ethanol for 24 hr. Specimens were then 
soaked overnight in tap water. They were then transferred to a solution of 
1 % trypsin in 30% saturated sodium borate (note: saturated sodium 
borate is approximately 4 g in 100 ml). After 24 hr, if cartilage could be 
seen, they were then transferred to a solution of 0,5% KOH with enough 
alizarin red-S added to make a dark purple solution. If cartilage could not 
be seen, they were left in the trypsin solution for additional time until 
cartilage was visible. After 24 hr in the alizarin red-S solution, samples 
were transferred to a 0,5% KOH solution that was changed twice over the 
subsequent 24 hr. Specimens were then moved through a graded series of 
0,5% KOH:glycerin at 2:1, 1:1, 1:2, and finally to 100% glycerin, as the 
specimens cleared at each step. Following the clearing and stammg 
procedure, we counted all metacercariae visible from the ventral side of the 
animal between both sets of limbs (same region that was counted prior to 
clearing and staining). 
Microscopy suggested the presence of the metacercariae in between the 
muscle fibers (Fig. ID), as had been suggested by Goater et al. (1987). To 
examine the distribution and possible pathology associated with the cysts 
in more detail, an additional salamander larva (32 mm SVL) was used for 
histological analysis following fixation in 10% neutral buffered formalin. 
After fixation, the salamander was sliced into 2-3 mm sections and placed 
in cassettes for processing by standard techniques, Briefly, tissues were 
dehydrated through an increasing ethanol series, cleared in xylene, 
infiltrated and embedded in paraffin, sectioned at 3-4 ).lm, and stained 
with hematoxylin and eosin (H&E). 
RESULTS 
Previous descriptions of the cercariae (Ingles, 1935; Burns and 
Pratt, 1953) refer to a tail emerging from a deep socket, with a 
dorso-ventral finfold starting half-way down the tail and 
continuing down to the tip (pleurolophocercous type). Our 
SEM images show the deep socket and dorso-ventral finfold, 
BELDEN ET AL.-HETEROPHYID IN STREAM SNAILS AND SALAMANDER LARVAE 763 
but also a lateral finfold starting at the tail's base that diminishes 
around the tail's midpoint (Fig. 2A-D; also see image of 
parapleurolophocercous cercaria in Schell, 1985). Burns and 
Pratt (1953) described cercariae with bodies in the extended 
position measuring 45 by 240 11m, while ours measured ap-
proximately 40-80 11m wide by 80-195 11m long; exact size 
comparisons are difficult because the body dimensions vary 
greatly based on the state of contraction. Conspicuous eyespots 
were present 68 11m back from the anterior terminus of the body, 
as in previous descriptions (66 11m in Burns and Pratt 1953). 
Morphology of the rediae was largely consistent with the prior 
descriptions of M. oregonensis (Ingles, 1935; Burns and Pratt, 
1953), ours being ~200 11m wide, ~730 11m long, and sausage-
shaped (Fig. 2E, F). 
The 28s rDNA sequence also was consistent with expectations 
for M. oregonensis; based on the BLAST search, the presumptive 
M. oregonensis sequence was most similar (94%) to a sequence of 
Cryptocolyle lingua, another heterophyid species. We did not 
attempt a complete phylogenetic analysis of all heterophyids, but 
our assessment does demonstrate the placement of our sequence 
within the Heterophyidae (Fig. 3). 
In January 2007,4 of 52 snails (7%) from our primary study site 
were shedding M. oregonensis cercariae (no other trematode 
species were seen) and in April, 24 of 98 (24%) were shedding M. 
oregonensis cercariae and 2 were shedding virgulate-type cercar-
iae. Melagonimoides oregonensis-infected snails were also present 
at 5 of the additional 6 sites we surveyed in 2009 in the Little 
Tennessee River Basin, with a prevalence ranging from 6 to 20%. 
Other morphotypes of cercariae identified at these 6 sites were 
virgulate-type cercariae (prevalence 0--4%) and cotylomicrocer-
cous type (prevalence 0-6%). Two snails were co-infected with M. 
oregonensis and virgulate-type cercariae at 1 of the sites. All 6 
salamanders we examined contained metacercariae, with between 
53 and 687 total cysts present in the body region we examined. A 
strong correlation was found between visible and total metacer-
cariae in the 6 salamanders (r2 = 0.99; P < 0.0001; regression 
equation, total cysts = -9.08 + 10.37 [visible cysts]). 
Histological examination of salamander tissues confirmed that 
cysts were randomly distributed in the musculature and subcu-
taneous tissues of the head, body, and tail of the salamander 
(Fig. 4A). Cysts were also observed in the limbs with clearing and 
staining procedures, but no limbs were sectioned for histology. 
The cysts were clearly identifiable as trematode metacercariae, 
since the body of sectioned larva was filled with parenchyma 
without a body cavity and surrounded by a homogenous fibrous 
cell wall. The cyst surrounding the trematode consisted of several 
eosinophilic, lamellar layers of host tissue and was not associated 
with any apparent inflammatory response (Fig. 4B). In addition, 
several larval trematodes were encysted within the globe of the 
eye, and at least 1 was observed free in the coelomic cavity of the 
salamander. It is not clear whether the cysts in the eyes were 
additional M. oregonensis metacercariae, although the morphol-
ogy and size was consistent with the M. oregonensis metacercariae 
in other regions of the body. The trematode in the body cavity is 
more of a mystery because we have not observed any other 
trematodes in the pleurocerid snails in this region that infect 
amphibians. This could be another M. oregonensis specimen in an 
aberrant location or it could be on its way to forming a cyst in the 
musculature. 
FIGURE 2. Micrographs of Melagonimoides oregonensis larvae. (A) 
Dark!ield light microscope image of cercariae. (B) Dark!ield image of 
cercaria stained with Lugol's solution. (C) SEM image of cercaria showing 
lateral !infold extending from base of tail. (D) Colorized SEM image of 
cercariae emerging from a redia. Note presence of both dorso-ventral and 
lateral !infolds on cercariae. (E) Dark!ield image of redia stained with 
Lugol's solution, showing many cercariae inside. (F) SEM image of redia. 
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FIGURE 3. Phylogenetic tree showing relationships of select species ofHeterophyidae. Maximum likelihood bootstrap support values are given above 
the line, and Bayesian posterior probabilities are given below the line at each node. 
DISCUSSION 
Variation in the morphology of adult M. oregonensis from 
Oregon and North Carolina has been previously noted (Lang 
et aI., 1968). Here, we found initiai' evidence that cercariae 
morphology might also differ among populations. Original de-
scriptions of cercariae from Oregon (Burns and Pratt, 1953) and 
California (Ingles, 1935) describe a pleurolophocercous cercariae 
with a single dorso-ventral finfold, while our images and de-
scription suggest the cercariae is of the parapleurolophocercous 
type, with 2 finfolds (dorso-ventral and lateral). Schell (1985) 
reports that both types can be produced by heterophyid 
trematodes. Our sequence results also confirmed these cercariae 
as heterophyids. The only heterophyids that have been identified 
as emerging from Pleurocera snails in streams in this region are 
M. oregonensis (Lang and Gleason, 1967; Lang, 1968). Indeed, 
Lang and Gleason (1967) state that "a cercaria identical to that 
described for M. oregonensis by Burns and Pratt was found to 
emerge from the snail Goniobasis proxima collected from streams 
near Chapel Hill." The only other heterophyids in North America 
that commonly use amphibians as second intermediate hosts are 
species of Euryhelmis (Prudhoe and Bray, 1982; Sutherland, 
2005). These heterophyids, which appear to be most abundant in 
the Pacific Northwest, use hydrobiid snails as first intermediate 
hosts (there are no hydrobiids in the streams we have surveyed) 
and produce cercariae that lack eyespots (Senger and Macy, 1952; 
Anderson and Pratt, 1965). In our stream survey, we identified 
virgulate-type and cotylomicrocercous-type cercariae in addition 
to M. oregonensis cercariae, but typically these other types were at 
lower prevalence. Trematode families producing cotylomicrocer-
cous-type cercariae include Opecoelidae, which use aquatic 
invertebrates and fish as second intermediate hosts, while families 
producing virgulate-type cercariae include Lecithodendriidae and 
Allassogonoporidae, which use aquatic invertebrates as second 
BELDEN ET AL. - HETEROPHYID IN STREAM SNAILS AND SALAMANDER LARVAE 765 
FIGURE 4. Histological images. (A) Cross-section from the posterior 
end of the tail of a salamander larva showing approximately 25 cysts, each 
containing a single metacercaria. The majority of the metacercariae are 
within the muscle tissue (arrows), but a few can also be seen in the 
subcutaneous tissues (fat arrows) of this salamander. Magnification X20, 
H&E stain. (B) Larval trematode within cyst in musculature of 
salamander. Note the centrally located larval trematode that is 
circumscribed by an eosinophilic layer of host cells. Magnification 
X400, H&E stain (S = skin, M = muscle, C = spinal cord, L = larval 
trematode, W = host cell wall). 
intermediate hosts. No cercariae other than M. oregonensis that 
form metacercariae in muscle tissue of amphibians have been 
identified in our surveys. 
Our stream survey indicated that M . oregonensis is present in 
many of the streams in this region of North Carolina (6 of the 7 
streams surveyed had infected snails) and can have prevalences in 
the snail hosts up to 20%. Lang (1968) described the prevalence of 
M. oregonensis as ranging from 14.4 to 52.7% over the course of 
3 yr in a North Carolina stream in the same region . Thus, M. 
oregonensis may be a commonly encountered parasite for these 
salamanders in the broader geographic region. Metagonimoides 
oregonensis from North Carolina can infect a wide array of 
amphibians in laboratory trials, including Desmognathus spp. 
salamanders, as well as Rana clamitans, Acris spp., Pseudacris 
spp., and Bufo fowleri (Lang and Gleason, 1967). No details wen~ 
provided in that study regarding the number of cercariae or 
number of metacercariae formed. In Oregon, M. oregonensis have 
been reported to encyst in at least 3 species of ranid frogs in the 
laboratory, although, again, no details of these exposures are 
provided (Burns and Pratt, 1953). Variation in host susceptibility 
to M. oregonensis and the likelihood of transmission to the 
definitive hosts remains to be determin;d. However, in our region 
in the southern Appalachians, stream salamanders are much more 
likely hosts, since anurans very rarely breed in these streams. 
We found a strong relationship between visible metacercariae 
and total metacercariae within the region of the body we ex-
amined. Approximately 10% of the total cysts were visible on the 
ventral surface of the larval salamanders. Histology suggested 
that metacercariae were randomly distributed throughout the 
muscle tissues in the body, so this correlation is not surprising. 
This pattern, if general and robust, might allow mark-recapture 
studies that follow infection intensity of individual salamanders 
through time, which is impossible with many parasite species. 
However, this correlation would likely be limited to relatively 
small larvae. Pigmentation increases on the ventral surface of D. 
quadramaculatus as they age, which should make distinguishing 
visible cysts much more difficult. 
Goater et al. (1987) surveyed parasites in 397 Desmongthaus 
salamanders of 4 species (Desmongthaus marmoratus (=Leurog-
nathus marmorata), D. quadramaculatus, Desmongthaus monticola, 
and Desmongthaus ochrophaeus) in several streams in Macon 
County, North Carolina, not far from our study site. They 
recorded 10 species of adult helminth parasites (mostly nema-
todes) from the salamanders, although infection intensities were 
low for all of the species. They also recorded 5 species of larval 
helminths, including M. oregonensis, which they noted as 
abundant in both D. quadramaculatus and D. marmoratus, the 2 
species that spend the most time in streams, although neither 
prevalence nor intensity of infection was quantified. 
Our infection estimates ranged up to 687 cysts in a single 
individual salamander, but this is an underestimate of total cyst 
burden because we focused solely on the body between the fore 
and hind limbs. Cysts were also located in the head, limbs, and 
tail , but visible cysts are harder to consistently locate and count in 
these regions. Regardless, it is clear that these salamanders are 
accumulating large numbers of cysts over the course of their 
larval period and that there is little pathology associated with 
infection, so that many cysts are likely retained throughout the 
life of the salamander. The fitness consequences of these 
metacercariae on their salamander hosts is not known, but it is 
clear that raccoons feeding on these stream salamanders could 
potentially be continually exposed to large numbers of metacer-
cariae. Adult worm burdens can indeed be high, such as the over 
2,300 adults reported in a raccoon from Georgia (Schaffer et aI., 
1961), although M. oregonensis prevalence in raccoon populations 
in the southeast is typically below 20% (Schaffer et aI., 1961; 
Bafundo et aI., 1980). 
Setting up the life cycle of M. oregonensis in the laboratory for 
further investigation may be feasible, but it will require a good 
surrogate definitive host. Burns and Pratt (1953) reported 
minimal success using golden hamsters as proxy definitive hosts 
for M. oregonensis in the laboratory. They obtained only a single 
adult worm 1 wk after feeding the hamster 20 metacercariae from 
a snail, and only 50-60 adults were obtained after feeding 
approximately 1,000 metacercariae from a snail. They did not 
have any more success when using cysts from R. aurora. From 50 
cysts that had been in the frogs for 70 days, only 4 adult worms 
were recovered in the hamsters. From 12 cysts that were 44 days 
old, no adult worms were recovered . They suggest, based on cyst 
morphology, that the meta cercariae in the frogs require about 
45 Clays to mature and become infective. However, Lang and 
Gleason (1967) fed 70 metacercariae that had been in B. fowleri 
tadpoles for only 30 days to 2 hamsters and recovered a total of 52 
adult worms after 10 days. Thus, a common laboratory model 
may hold promise as a surrogate definitive host, but more 
quantitative testing, perhaps with additional species like rats and 
mice, is warranted. 
Studies examining the dynamics and importance of larval 
trematodes in aquatic systems are becoming increasingly common 
(Kuris et aI., 2008; Lafferty et aI. , 2008; Kaplan et aI., 2009). 
While much of this work has occurred in marine systems, larval 
trematodes in freshwater systems might also mediate important 
energy fluxes across terrestrial- aquatic boundaries, constitute an 
important part of the zooplankton community, and influence host 
766 THE JOURNAL OF PARASITOLOGY, VOL. 98, NO.4, AUGUST 2012 
population dynamics. Based on our surveys and prior work 
(Goater et aI., 1987; Goater, 1990), M. oregonensis appears to be a 
common parasite in stream systems in the Southern Appalachians 
that could potentially have important broader impacts in these 
systems. However, as this work moves forward, proper species 
identification is critical, since different parasite species may have 
different transmission dynamics, use hosts differently, and 
ultimately have varying impacts in these systems. 
Species identification has traditionally been very difficult for 
larval trematodes, since taxonomy is based on adults, which tend 
to have a broader suite of useful morphological characters. 
Molecular identification, such as we have used, and species 
"barcoding" are allowing the study of these larval forms in more 
detail (Locke et aI., 2011), and more advanced microscopy, 
especially SEM, might be a powerful tool for observing additional 
morphological detail of larval forms. Care must be taken though, 
since several recent studies have demonstrated the presence of 
numerous cryptic species within common North American 
trematode families (Detwiler et aI., 2010; Locke et aI., 2010). 
Given the prior variation in life history reported across the range 
and the morphological differences that have been identified in 
adult M. oregonensis (Lang et aI., 1968), and given our suggestion 
that variation in cercariae morphology seems to be present, the 
presence of multiple species within the M oregonensis group 
remains a possibility that needs further exploration. 
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GEOGRAPHICAL PATTERNS OF PARASITE INFRACOMMUNITIES IN THE ROUGH SCAD, 
TRACHURUS LATHAMI NICHOLS, IN THE SOUTHWESTERN ATLANTIC OCEAN 
Paola E. Braicovich, Jose L. Luque*, and Juan T. Timit 
Laboratorio de Parasitologfa, Instituto de Investigaciones Marinas y Costeras (1IMyC), FCEyN, Universidad Nacional de Mar del Plata-CONICET, 
Funes 3350, (7600) Mar del Plata, Argentina. e-mail: braicQvi@mdp.edu.ar 
ABSTRACT: We assessed temporal variability in parasite infections of rough scad (Trachurus latham!) in 3 samples from Miramar (MI) 
in 2008, separated by periods of I mo, and 2 samples from Villa Gesell (VG), I each in 2008 and 2009 (Buenos Aires Province, 
Argentina), respectively. A sample was also obtained from Cabo Frio (CF) (Brazil) in 2009 to compare differences in parasite 
communities between fish from this locality and each Argentinean locality. All rough scad were parasitized by at least I of 27 parasite 
species. Similarity-based multivariate analysis revealed significant differences between localities, but temporal homogeneity in each 
Argentinean locality. Overall, prevalence and abundance of parasite species were most similar between samples from MI and VG, while 
the greatest differences occurred between samples from MI and CF. A canonical analysis of principal coordinates showed significant 
differences among samples. Grillotia carvajalregorum was the most important species in determining the position of Argentinean 
samples, especially those from MI, while Ectenurus virgulus, Raphidascaris sp., and Hysterothylacium sp. were the most important 
species related to fish from CF. The parasite assemblage of T. lathami showed a notable temporal persistence within the same locality 
and a high variability at the spatial scale, suggesting the existence of 3 independent stocks of T. lathami in South Atlantic waters. 
The rough scad, Trachurus lathami, the only member of the 
genus inhabiting the western Atlantic (Saccardo, 1987), is widely 
distributed from the Gulf of Maine, United States (43°00'N) to 
the San Matias Gulf (41 °30'S) in Argentina. It is an abundant and 
extremely important forage species for commercially valuable fish 
species along the Atlantic coast (Ciechomski and Cassia, 1980) 
and has the potential to become an alternative to the declining 
fisheries of other small pelagic fish such as sardines, Sardinella 
brasiliensis (Saccardo and Katsuragawa, 1995). 
In southern Brazil and Uruguay, T. lathami undergo seasonal 
migrations (Saccardo and Katsuragawa, 1995). Concentrations of 
this species, which occur off the state of Rio Grande do Sul in 
southern Brazil in summer and autumn, move northward in summer 
whereas those appearing off Uruguay and southern Brazil during 
winter and spring come from southern areas off Argentina. Thus, it 
has been suggested that 2 populations inhabit the southern Brazilian 
waters (Cousseau and Perrotta, 2004). The same behavior is observed 
along the northern Argentinean coast, with adults appearing in 
coastal waters during spring to reproduce (Cousseau and Perrotta, 
2004), although the source of this assemblage is still unknown. 
Understanding the complex processes involved in the variabil-
ity of abundance of pelagic fish stocks, especially within shor.t and 
medium time scales, would increase the ability to predict the 
abundance and commercial exploitation of these resources which, 
in turn, should enhance the capacity to properly manage the 
fisheries and ensure their sustainable exploitation (Freon et al., 
2005). Since the 1970s, an increasing emphasis has been placed 
upon parasites as indicators of ecological relationships in terms of 
ecological and phylogenetic relationships (Campbell et al., 1980), 
and parasites have also been widely used to discriminate fish 
populations or stocks as well as to trace fish migration (Williams 
et al., 1992; MacKenzie and Abaunza, 1998; MacKenzie, 2002). 
Although the terms 'stock' and 'population' are presently used 
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interchangeably (Begg and Waldman, 1999), we use the concept in 
the context of 'ecological stocks', i.e., subpopulations of fish 
distinguished by behavioral differences but between which there 
may be a considerable amount of gene flow (MacKenzie, 2002). 
The existence of spatial variability in the composition and 
abundance of fish parasite assemblages constitutes the basis for this 
methodology, which focuses on the differences among parasite 
populations and communities between zones (MacKenzie and 
Abaunza, 1998; Begg and Waldman, 1999; MacKenzie, 2002; Power 
et al., 2005). In fact, parasites have been used extensively as biological 
markers to identify and delineate populations of other Trachurus 
species in different regions of the world, e.g., Trachurus trachurus from 
north and northwest of Spain (Abaunza et al., 1995) and the northeast 
. Atlantic and Mediterranean Sea (MacKenzie et al., 2(08), Trachurus 
spp. from the eastern Atlantic (Gaevskaya and Kovaleva, 1980), and 
Trachurus murphyi (= Trachurus symmetricus murphyz) from the 
southeastern Pacific Ocean (Avdeev, 1992; George-Nascimento and 
Arancibia, 1992; Aldana et al., 1995; George-Nascimento, 2000). 
Most studies using parasites as indicators have only examined a 
single sample at each locality, largely ignoring the potential 
temporal variability of parasite communities (Chavez et al., 
2007). This approach, however, requires a high degree of temporal 
repetition in the composition and structure of parasite communities 
to allow comparative studies over long-term temporal scales. 
Studies on seasonal repeatability of population and community 
attributes of fish parasites in the northern Argentinean Sea have 
demonstrated that parasite assemblages are stable seasonally 
(Timi et al., 2009; Braicovich and Timi, 2010), and also on shorter 
temporal scales (Rossin and Timi, 2010), because of the 
dominance of long-lived and relatively non-specific larval 
helminths in the parasite communities of all fish species studied 
in the region (Timi, 2007). Consequently, these parasites provide 
predictability for the infracommunities to which they belong, 
independent of the host species, including T. lathami. 
Therefore, before large-scale spatial comparisons of parasite 
assemblages of T. lathami can be made between localities, 
estimates of temporal variations are needed to avoid their 
possible confounding effects. The aim of the present study was, 
therefore, 3-fold: (1) to assess the occurrence of between-month 
variations in the composition of the parasite infracommunities of 
T. lathami in a single locality from Argentinean Sea; (2) to 
evaluate the effect of between-year variability on parasites 
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FIGURE 1. Map showing the study area and the sampling sites. 
burdens of T. lathami; and (3) to identify the existence of different 
stocks in 3 zones of the south Atlantic waters. 
MATERIALS AND METHODS 
Fish samples and parasite inventories 
In total, 273 specimens of T. lathami were examined for parasites. Fish 
were caught by commercial trawlers in 3 zones along the coast of the 
southwestern Atlantic (Fig. I). To assess the-effect of temporal (between-
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month) variability on parasite loads, 3 samples were obtained from the 
Miramar area (MI; Buenos Aires Province, Argentina), separated by 
periods of I mo during spring when adult fish arrive in coastal waters. To 
evaluate the effect of inter-annual variation, we examined samples from 
the Villa Gesell area (VG; Buenos Aires Province, Argentina) caught in 
September 2008 and August 2009. A sample from Cabo Frio (CF; State of 
Rio de Janeiro, Brazil) collected in October 2009 was used to assess 
geographic differences (Table I). 
Fish were either kept fresh or deep frozen in individual plastic bags at 
-18 C until necropsy. After thawing, the total length (TL in cm) of each 
fish was measured and parasites from the gills, branchial and body 
cavities, and viscera (stomach, intestine, liver, gonads, and mesenteries) 
were collected with the aid of a stereoscopic microscope. 
The prevalence and mean abundance (± SD) were calculated for most 
parasite species in each sample following Bush et al. (1997). Two parasites 
were excluded from further analyses: (I) larval Ascarophis marina found in 
the alimentary tract and considered an accidental parasite, and (2) Scolex 
polymorphus, a species complex of larval cestodes (Chambers et aI., 2000) 
with different geographical distributions and, therefore, unreliable 
indicators of similarity among host populations (Braicovich and Timi, 
2008). These two parasites cannot be used as reliable indicators of 
similarity among host populations (Braicovich and Timi, 2008). Only the 
prevalence was recorded for the microparasites (Goussia cruciata and 
Ceratomyxa sp.). These parasites and cysts of unknown etiology (see 
MacLean et aI., 1987) were excluded from further comparative analyses. 
Fish lengths in different samples were compared using a I-way ANOVA 
or at-test (Zar, 1999), depending on the number of samples compared. 
Multivariate analysis on parasite infracommunity data was implemented 
in PERMANOV A+ for PRIMER package (Anderson et aI., 2008). As a 
similarity measure in all analyses, the Bray-Curtis index, which considers 
the differences in abundance of each shared parasite species (Magurran, 
1988), was used with untransformed data. Comparative analyses were 
restricted to those species with a prevalence of> 10% in at least 1 of the 
compared samples. 
Analyses of temporal variability 
The differences in infracommunity composition were tested by means of 
a I-way permutational multivariate analysis of variance (PERMANOV A) 
of samples from M1. Following Anderson et al. (2008), a permutation of 
residuals with a reduced model was used as the method of permutation. A 
sequential sum of squares (Type I SS) was applied because host size was 
introduced as a covariable (ANCOVA model) due to the known effect of 
fish size-age on parasite burdens. The structure of parasite infracommu-
nities between monthly samples (I x 3 factorial design, with month as the 
random factor) was compared by testing for main effects after 9,999 
permutations. 
The differences in iiifracommunity composition between years were 
tested using samples from VG in a similar way as those for monthly 
samples using a 1 x 2 factorial design with years as the random factor. 
Analyses of geographic variability 
Differences between localities were analyzed by pooling fish from each 
Argentinean locality as a single sample (Table I). Chi square analyses and 
a posteriori multiple comparisons for proportions were used to test for 
significant differences in prevalence between zones. Abundances of 
individual species were compared by univariate PERMANOV A tests, 
TABLE 1. Composition of samples of Trachurus lathami in three zones of the southwestern Atlantic. 
Locality Locality code Latitude, longitude Date of capture n Total length (cm) ± SD 
Miramar MI 38°34'S, 58°3'W September 2008 49 19.8 ± 0.7 
Miramar MI 38°34'S, 58°3'W October 2008 46 20.1 ± 0.7 
Miramar MI 38°34'S, 58°3'W November 2008 50 20.1 ± 0.8 
Villa Gesell VG 36°44'S, 55°44'W September 2008 42 19.4 ± 0.8 
Villa Gesell VG 36°44'S, 55°44'W August 2009 36 19.6 ± 0.9 
Cabo Frio CF 22°53'S, 42°00'W October 2009 50 19.3 ± 0.6 
Miramar (pooled sample) MIP 38°34'S, 58°3'W September-November 2008 145 20.0 ± 0.7 
Villa Gesell (pooled sample) VGP 36°44'S, 55°44'W August 2008, October 2009 78 19.5 ± 0.9 
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applied as in previous analyses but with a I X 3 factorial design with zones 
as fixed factors. 
Zones were considered as fixed factors based on the following regional 
characteristics: they belong to 2 different faunistic provinces in the South 
American Atlantic, i.e., CF to the Brazilian Province and VG and MI to 
the Argentine Province (Floeter and Gasparini, 2000; Bogazzi et aI., 2005). 
These zones are located in different coastal basins which display 
contrasting oceanographic and biological characteristics. These differences 
are evident even between the 2 areas of Argentina, despite their proximity. 
The zone ofVG is influenced by the Brazilian current (tropical warm and 
saline waters) and is also greatly affected by the discharge of the Rio de la 
Plata (Bakun and Parrish, 1991; Guerrero et aI., 1997). Samples from MI 
were caught in the northern boundary of a semi-enclosed area of EI 
Rincon which generates its own oceanographic features. In the 
Argentinean Sea, locally modified waters in both MI and VG create 
frontal zones with important biological properties (Acha et aI., 2004). 
These waters provide reproductive grounds and zones of concentration for 
juveniles of several fish species by promoting retention oflarvae (Piola and 
Rivas, 1997). The fronts also influence the distribution of meso zoo plank-
ton between both zones, which have been classified as different faunistic 
areas (Marrari et al., 2004). All evidence indicates that these zones, with 
different oceanographic characteristics, harbor different fish populations, 
mainly of resident species (Jaureguizar et aI., 2006). Therefore, local 
oceanographic processes in Argentine waters can also act as barriers for 
parasite dispersal, leading to significant differences in composition of fish 
parasite assemblages between VG and MI, as has been recorded for other 
fish species (Timi et aI., 2009; Timi and Lanfranchi, 2009), indicating that 
in each zone fish are exposed to qualitative and qualitatively different 
assemblages of infective stages of parasites. 
Because PERMANOV A is sensitive to differences in multivariate 
dispersion between groups, e.g., homogeneity of variances that can inflate 
Type I error even when centroids have identical locations, the same 
models were tested for differences in dispersion using the PERMDISP 
routine (Anderson et aI., 2008). Dispersions were measured as distances to 
the centroids, and each term in the analysis was tested using 9,999 
permutations, with significant terms investigated using a posteriori pair-
wise comparisons with the PERMANOV A t-statistic (Anderson et aI., 
2008). PEMANOV A and PERMDISP multivariate analyses were 
repeated to compare the structure of parasite infracommunities between 
geographic zones. Where differences were detected by PERMANOV A, 
pair-wise comparisons were used to determine which samples differed. In 
the particular case of geographic comparisons, multivariate PERMA-
NOV A analyses were repeated on untransformed data for long-lived 
parasites only because this group of parasites is recommended for studies 
on fish stock discrimination (see Lester and MacKenzie, 2009). The same 
analyses were done on square-root transformed abundances in order to 
down-weight the importance of very abundant species, allowing for the 
awareness that less-dominant species can play some role in determining 
similarity among samples (Clarke and Gorley, 2006). 
Differences of infracommunities among samples were examined in mote 
detail using canonical analysis of principal coordinates (CAP), not only to 
confirm the possible differences found by PERMANOV A but also to 
characterize them in order to identify those species responsible for such 
differences (Anderson and Willis, 2003; Anderson et al., 2008). Principal 
coordinates (PCO) were calculated from the resemblance matrix, and 
potential over-parameterization was prevented by choosing the number of 
PCO axes (m) that maximized 'Ieave-I-ouf,allocation success to groups 
(Anderson and Robinson, 2003). To test for significant differences in 
infracommunities among the samples, a permutation "trace" test (sum of 
squared canonical eigenvalues) was applied, and P was obtained after 
9,999 permutations. An indication of the underlying species differences in 
community structure was obtained by the strength of their correlation of 
the canonical discriminant axes coordinates with diagnostic compounds 
visualized using vector overlays based on Spearman correlations. Only 
species correlations of Irl > 0.4 were considered significant. 
RESULTS 
General pattern 
All rough scad were parasitized by at least I of the 27 species of 
parasites listed in Tables II and III. The larval cestode Grillotia 
carvajalregorum was particularly abundant in Argentinean 
samples, dominating in 100% of infracommunites, while third-
stage larva of Hysterothylacium sp. and the adult digenean 
Ectenurus virgulus dominated the infracommunities (46% each) in 
the Brazilian sample. 
Four species were found only in fish from CF, and 9 were 
exclusive to MI and VG; the rest were found in all locations. 
Eleven species are reported as new host records for T. lathami and 
are indicated by (*) in the tables. 
Analyses of temporal variability 
No significant differences were observed for host TL between 
samples from MI (F2, 144 = 2.05, P > 0.05). PERMANOV A 
results showed that a significant amount of the variability of data 
was accounted for by host size (Pseudo FI = 8.62, P [perm] < 
0.001). The lack of interaction of host length with month (Pseudo 
F2 = 0.77, P [perm] > 0.015), however, shows that the nature of 
the relationship between fish size and the parasite's community 
structure does not differ between different levels of the factor. 
Furthermore, considering the variations among samples due to 
host size, no significant variability was detected among the 
assemblages in each month (Pseudo F2 = 1.90, P [perm] > 0.05). 
No significant differences were observed for host TL between 
samples from VG (t76 = 1.087, P > 0.05). As in previous 
comparisons, PERMANOV A results showed that a significant 
amount of the variability of data was accounted for by host size 
(Pseudo FI = 12.12, P [perm] < 0.001), with the relationship 
between this variable and the structure of assemblages not 
differing between years (Pseudo FI = 1.44, P [perm] > 0.05). 
Also, no significant variability was detected between the 
assemblages in either year (Pseudo FI = 0.64, P [perm] > 0.05). 
Analyses of geographic variability 
Because no differences in parasite infracommunity structure 
were observed for the 3 samples from MI and the 2 samples from 
VG, fish were pooled in each locality (MIP and VGP). However, 
mean host TL in the CF, MIP, and VGP samples differed 
significantly among the zones (F2, 272 = 21.575, P < 0.01). This 
variability was due to significant differences between MIP and the 
other 2 samples (both P < 0.01), whereas fish from VGP and CF 
did not differ in TL (P > 0.05). 
Comparisons of parasite prevalence (Table IV) showed that 
most parasite species varied significantly between zones. Only 
Lernanthropus trachuri and a pseudophyllidean plerocercoid did 
not differ among samples. The fewest differences in prevalence 
were observed between MIP and VPG (2 species) and the most 
were between CF and MIP (10 species). Ectenurus virgulus and 
Monascus filiformis differed between Argentinean samples. 
Prevalence of M. filiformis, G. carvajalregorum, Contracaecum 
sp., Hysterothylacium aduncum larvae, and Corynosoma australe 
was significantly lower in CF than in the other 2 zones; the 
opposite trend was observed for the rest of the species. 
Comparisons of abundance of individual species between zones 
(Table V) showed differences in all species except for a 
pseudophyllidean plerocercoid and L. trachuri (P > 0.05). A 
significant effect offish TL (P < 0.01) on parasite abundance was 
observed for most species; the exceptions include Gastrocotyle 
trachuri, Pseudaxine trachuri, Callitetrarhynchus gracilis, a pseu-
dophyllidea plerocercoid, and L. trachuri. Pair-wise comparisons 
TABLE II. Taxonomic composition, stage, microhabitat, prevalence (P), and mean abundance ± standard deviation (MA ± S.D) of parasites of five samples of Trachurus lathami in 2 areas from 
the Argentinean coast. * 
Parasite species 
Cysts of unknown etiology 
APICOMPLEXA 
Goussia cruciata Thelohan, 1892*t 
MYXOSPOREA 
Ceratomyxa sp. *§ 
MONOGENEA 
Gastrocotyle trachuri Dillon and Hargi;, 1965, adult 
Pseudaxine trachuri Parona and Perugia, 1889,* adult 
DIGENEA 
Aponurus laguncula Looss, 1905, adult 
Ectenurus virgulus Linton, 1910,* adult 
Monascus fUiformis Rudolphi, 1819, adult 
CESTODA 
Sitet 
GI 
LI 
GB 
GI 
GI 
September 2008 
P MA ± SD 
32.7 0.9 ± 1.9 
25.5 
o 
2.0 0.02 ± 0.1 
o 0 
ST 2.0 0.02 ± 0.1 
ST 77.6 5.4 ± 5.6 
ST; IN 18.4 0.6 ± 1.6 
o o 
Miramar 
October 2008 
P MA ± SD 
21.7 0.4 ± 1.3 
40.0 
o 
19.6 0.5 ± 1.7 
4.4 0.04 ± 0.2 
o 0 
58.7 1.9 ± 2.8 
54.3 3.7 ± 8.1 
o o 
November 2008 
P MA ± SD 
10.0 0.1 ± 0.4 
37.8 
7.7 
14 
4 
o 
28.0 
52.0 
o 
0.5 ± 1.9 
0.1 ± 0.3 
o 
1.2 ± 3.0 
1.5 ± 2.0 
Callitetrarhynchus gracilis (Rudolphi, 1819),* plerocercus 
Grillotia carvajalregorum Menoret and Ivanov, 2009, plerocercus 
Pseudophyllidea plerocercoid* 
ME 
ME 
ME 
IN 
100 162.8 ± 124.1 100 193.0 ± 222.0 100 
o 
162.5 ± 136 
0.2 ± 0.8 
0.2 ± 0.9 Scolex polymorphus Miiller, 1784, plerocercoid 
NEMATODA 
Unidentified spiruroid larva' 
Ascarophis marina (Szidat, 1961), larva 
Anisakis simplex s.l. (Rudolphi, 1809), third-stage larva 
Contracaecum sp., third-stage larva 
Hysterothylacium sp., third-stage larva 
Hysterothylaciwn aduncun (Rudolphi, 1802), third-stage larva 
Hysterothylacium aduncun (Rudolphi, 1802), adult 
Terranova galeocerdonis (Thwaite, 1927), third-stage larva 
ACANTHOCEPHALA 
Bolbosoma turbinella (Diesing, 1851),* juvenile 
Corynosoma australe Johnston, 1937, juvenile 
Corynosoma cetaceum Johnston and Best, 1942, juvenile 
CRUSTACEA 
Lernanthropus trachuri Brian, 1903, adult 
• New host record. 
ME 
ST 
ME 
ME 
ME 
ME 
ST 
ME 
ME 
ME 
ME 
GI 
t Gl, gills; IN, intestine; LI, liver; GB, gall bladder; ME, mesenteries; ST, stomach. 
6.1 0.04 ± 0.5 
2.0 0.04 ± 0.3 
o 0 
o 0 
2.0 0.1 ± 0.4 
28.6 0.6 ± 1.4 
16.3 0.2 ± 0.6 
20.4 0.3 ± 0.6 
2.0 0.02 ± 0.1 
4.1 0.1 ± 0.5 
o 0 
87.8 5.4 ± 7.3 
10.2 0.1 ± 0.4 
10.2 0.2 ± 0.7 
6.5 0.09 ± 0.4 
2.2 0.02 ± 0.2 
o 0 
34.8 1.1 ± 2.0 
4.4 0.04 ± 0.2 
30.4 0.7 ± 1.9 
2.2 0.02 ± 0.1 
17.4 0.2 ± 0.5 
13.0 0.1 ± 0.3 
6.5 0.3 ± 1.3 
12.0 
6.0 
o 
o 
6.0 
50.0 
14.0 
24.0 
2.0 
8.0 
o 0 0 
89.1 11.9 ± 19.7 96.0 
13.0 0.2 ± 0.7 6.0 
13.0 0.3 ± 1.2 14.0 
t Prevalence calculated over 47 hosts in September, 46 in October, and 46 in November 2008, and 41 in September 2008 and 36 in August 2009. 
§ Prevalence calculated over 6 hosts in September, 7 in October, and 13 in November 2008, and II in September 2008 and 17 in August 2009. 
o 
o 
0.1 ± 0.2 
1.8 ± 4.4 
0.2 ± 0.6 
0.4 ± 0.9 
0.02 ± 0.1 
0.1 ± 0.4 
o 
9.4 ± 10.1 
0.08 ± 0.3 
0.3 ± 0.8 
Villa Gesell 
September 2008 
P 
11.9 
12.2 
9.1 
o 
o 
o 
45.2 
14.3 
2.4 
100 
28.6 
4.8 
2.4 
o 
2.4 
33.3 
28.6 
11.9 
o 
o 
o 
88.1 
14.3 
11.9 
MA ± SD 
0.3 ± 0.7 
o 
o 
o 
1.8 ± 2.8 
0.3 ± 0.9 
0.02 ± 0.2 
92.9 ± 69.3 
0.4 ± 0.6 
0.1 ± 0.6 
0.02 ± 0.2 
o 
0.02 ± 0.2 
0.5 ± 0.9 
0.5 ± 1.0 
0.1 ± 0.3 
o 
o 
o 
8.3 ± 11.2 
0.6 ± 1.8 
0.3 ± 0.9 
August 2009 
P 
16.7 
16.7 
11.8 
8.3 
2.8 
o 
o 
11.1 
o 
100 
2.8 
5.6 
o 
o 
2.8 
25.0 
27.8 
5.6 
2.8 
o 
2.8 
88.9 
2.8 
2.8 
MA ± SD 
0.6 ± 1.4 
0.2 ± 0.3 
0.1 ± 0.2 
o 
o 
0.4 ± 0.8 
o 
109.2 ± 91.8 
0.1 ± 0.2 
0.1 ± 0.2 
o 
o 
0.1 ± 0.2 
0.6 ± 0.8 
0.9 ± 1.5 
0.1 ± 0.4 
0.1 ± 0.2 
o 
0.1 ± 0.2 
9.3 ± 9.5 
0.1 ± 0.3 
0.1 ± 0.3 
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showed that the highest number of significant differences in 
abundance occurred in those comparisons involving hosts from 
Brazil, while between MIP and VGP only E. virgulus, M. 
liliformis, G, carvajalregorum, and Bolbosoma turbinella showed 
significant differences. PERMIDISP results indicated that most 
species differing between zones also exhibited differences in their 
multivariate dispersion, with the exception of G. carvajalregorum. 
Except for Contracaecum sp. and C. australe, most pair-wise tests 
showed significant differences between MIP-VGP and, for E, 
virgulus, between VGP-CF. 
PERMANOV A results on untransformed and square-root 
transformed data of the 3 sample groups for all parasites, and 
for long-lived parasites, showed a strong effect of host size on 
infracommunity structure (Table VI), with a significant interac-
tion between host length and locality, revealing that the nature of 
the relationship between the covariate and the multivariate 
responses differ between the different levels of this factor. 
Significant variability was detected among zones after considering 
the variations among samples due to host size, Pair-wise tests 
between localities showed that there were significant differences 
between all pairs of localities (all P < 0.01) (Table VI). 
Based on their deviations from centroids, dispersion of parasite 
infracommunities varied significantly among samples (all species, 
raw abundances F2•272 = 7,8363; long-lived species, raw abun-
dances F2,272 = 13.095; and long-lived species square-root 
transformed data F2,272 = 15.304; all P [perm] < 0,01). A 
posteriori tests revealed that significant differences only involved 
comparisons of fish from CF (all P < 0.01). 
The CAP analysis also showed significant differences among 
samples (tr = 1.15; P = 0.0001) (Fig, 2). The orthonormal PCO 
axes selected (m = 9) described 98% of the variation in the data 
cloud, with a high percentage of correct allocations (75.5%). The 
first 2 canonical axes resulting from CAP analysis clearly 
separated samples. The strong association between the multivar-
iate data cloud and the hypothesis of group differences was 
indicated by the large size of their canonical correlations (81 = 
0,99 and 82 = 0.42). Indeed, samples from CF were distinguish-
able from those of MIP and VGP (Fig. 2). No clear separation 
was observed among the southern samples, although those from 
VGP were slightly separated from those of MIP (Fig. 2). When 
vectors corresponding to Spearman correlations of individual 
species were superimposed with the CAP axes (restricted to those 
species having correlation coefficients >0.40), G. carvajalregorum 
and C. australe were the most important species in determining 
the position of Argentinean samples; the former linked especially 
to those from MIP while E. virgulus, Raphidascaris sp., and 
Hysterothylacium sp, were followed in.importance by G. trachuri, 
P. trachuri, and B, turbinella, the most important species related 
to fish from CF (Fig. 2). Cross-validation results showed that the 
lowest percentage of correctly allocated fish occurred in VGP, 
with 41 % of hosts grouped with the MIP sample. Conversely, a 
lower proportion of fish from MIP (24%) were allocated to VGP. 
Samples from CF, all grouped together, showed a complete 
allocation success (Table VII). 
DISCUSSION 
This is the first survey of the entire parasite fauna of T. lathami 
in the southwestern Atlantic; previous records of parasites from 
this host come mainly from taxonomic studies of individual 
parasite species such as M. filiformis and L. trachuri in Argentina 
(Girola et aI., 1992; Timi and Etchegoin, 1996) and of Aponurus 
laguncula, Scolex pleuronectis (=s. polymorphus), Contracaecum 
sp., and Terranova sp. in Brazil (Fernandes et aI., 1985; Luque 
and Poulin, 2004), Gastrocotyle trachuri was previously reported 
in T. lathami from Venezuela (Nasir and Fuentes, 1983); these 
authors also reported 2 other monogenean species, Allogastroco-
tyle bivaginalis and Pseudaxinoides cariacoensis, not found in the 
present study. The 11 remaining species are all new records for the 
rough scad, although 2 of them have been previously reported in 
congeneric species, namely the coccidian G. cruciata and the 
monogenean P. trachuri (Llewellyn, 1956; Kovaleva, 1968; Gestal 
and Azevedo, 2005; MacKenzie et aI., 2008). 
There was negligible temporal variation in the structure of 
parasite infracommunities of T. lathami in both of the Argentine 
localities. These results are consistent with previous analyses of 
temporal stability of the parasite community structure in fishes of 
this region (Timi et aI., 2005, 2009; Braicovich and Timi, 2010), 
which is determined by non-trophically transmitted larval 
parasites (Timi, 2007; Timi and Lanfranchi, 2009; Rossin and 
Timi, 2010). In fact, as in other hosts investigated, the dominant 
species in Argentinean samples was the larval G. carvajalregorum 
followed in importance by C. australe. Both of these species are 
long-lived larval parasites, whose persistence for long periods in 
fishes was responsible for the observed temporal stability of the 
infracommunities in these fish. Their importance is especially 
evident considering that short lived-parasites, i.e., ectoparasites 
and gastrointestinal adults, who can vary either seasonally or 
geographically as fish migrate, were included in the analyses. 
Nevertheless, this temporal stability in the structure of parasite 
assemblages in T. lathami should be tested over longer periods, 
. where variability could occur, as in the case of Trachurus 
symmetricus murphyi from the southeastern Pacific Ocean; i.e., 
the composition patterns of the metazoan parasite communities 
differed between samples separated by 4 to 6 yr (George-
Nascimento, 2000), 
Temporal variability of parasite assemblages can be a 
confounding factor for the identifications of fish stocks; therefore, 
the use of parasites as biological tags requires a high degree of 
temporal repeatability in the composition and structure of 
parasite communities to allow comparative studies over long 
periods (Timi et aI., 2009), Parasite communities in the 
Argentinean Sea fulfill this requirement, permitting spatial 
comparisons independent of the month or year of capture. 
Spatial comparisons showed a clear differentiation of parasite 
infracommunities in Brazilian T. lathami relative to the Argentine 
intracommunities. The differences at both parasite population 
and community levels, and between both regions, demonstrate the 
potential of parasites for discriminating stocks of rough scad, 
each of which have their own indicator species. The dominant 
species in Brazil were the larval Hysterothylacium sp. and the 
adult digenean E. virgulus, whereas G. carvajalregorum and C. 
australe are of little importance in this region. This finding 
reinforces the hypothesis of the existence of different stocks in 
South American Atlantic waters based on differential migratory 
patterns of this species along Brazilian coasts (Saccardo and 
Katsuragawa, 1995). One stock inhabits waters off the south-
western Brazilian coast while a different stock that occurs along 
the extreme southern Brazilian and Uruguayan coasts migrates to 
Argentinean waters during warmer seasons (Saccardo and 
TABLE III. Taxonomic composition, stage, microhabitat, prevalence (P), and mean abundance ± standard deviation (MA ± SD) of parasites in three samples of Trachurus lathami from the South 
Atlantic coast. * 
Miramar pooled Villa Gesell pooled Cabo Frio 
Parasite species Sitet P MA ± SD P MA ± SD P MA ± SD 
Cysts of unknown etiology GI 21.4 0.5 ± 1.4 14.1 0.3 ± l.l 18 0.3 ± 0.8 
APICOMPLEXA 
Goussia cruciata Thelohan, 1892t LI 33.8 14.3 76.7 
MYXOSPOREA 
Ceratomyxa sp.§ GB 7.7 10.7 0 
MONOGENEA 
Gastrocotyle trachuri Dillon and Hargis, 1965, adult GI 11.7 0.3 ± 1.5 3.8 0.04 ± 0.2 48.0 1.5 ± 3.1 
Pseudaxine trachuri Parana and Perug,ia, 1889, adult GI 7.6 0.2 ± 1.0 1.3 0.01 ± 0.1 48.0 1.7 ± 3.4 
Unidentified monogenean OE 0 0 0 0 4.0 0.04 ± 0.2 
DIGENEA 
Aponurus laguncula Looss, 1905, adult ST 0.7 0.1 ± 0.1 0 0 0 0 
Ectenurus virgulus Linton, 1910, adult ST 54.5 2.8 ± 4.4 24.4 1.0 ± 2.2 100 17.4 ± 13.0 
Monascus filiformis Rudolphi, 1819, adult ST, IN 41.4 1.9 ± 5.0 12.8 0.3 ± 0.9 0 0 
Sthephanostomum sp.* (metacercaria) OE 0 0 0 0 8.0 0.1 ± 0.6 
CESTODA 
Callitetrarhynchus gracilis (Rudolphi, 1819), plerocercoid ME 0 0 1.3 0.01 ± 0.1 26.0 0.3 ± 0.6 
Grillotia carvajalregorum Menoret and Ivanov, 2009, plerocercus ME 100 172.2 ± 164.5 100 100.0 ± 80.0 96.0 4.0 ± 2.9 OJ 
:rJ 
Nybelinia sp., * pleracercoid ME 0 0 0 0 4.0 0.1 ± 0.3 » 
Pseudophyllidea pleracercoid ME 8.3 0.1 ± 0.6 16.7 0.2 ± 0.5 4.0 0.04 ± 0.2 
(5 
0 
Scolex polymorphus Muller, 1784, plerocercoid IN 3.4 0.1 ± 0.5 5.1 0.1 ± 0.4 0 0 < (5 
I 
NEMATODA m 
--I 
Unidentified spiruroid larva ME 0 0 1.3 0.01 ± 0.1 6.0 0.1 ± 0.2 » ,-
Ascarophis marina (Szidat, 1961), adult ST 11.0 0.4 ± 1.2 0 0 0 0 I 
Anisakis simplex s.l. (Rudolphi, 1809), third-stage larva ME 4.1 0.1 ± 0.3 2.6 0.03 ± 0.2 4.0 0.1 ± 0.4 (f) --I 
Contracaecum sp., third-stage larva ME 36.5 1.0 ± 2.9 29.5 0.5 ± 0.9 8.0 0.2 ± 0.7 
0 (") 
Hysterothylacium sp., third-stage larva ME 11.0 0.2 ± 0.5 28.2 0.5 ± 1.2 88.0 21.4 ± 25.0 
7' 
(") 
Hysterothylacium aduncun (Rudolphi, 1802), third-stage larva ME 20.7 0.3 ± 0.7 9.0 0.1 ± 0.3 0 0 0 ;;: 
Hysterothylacium aduncun (Rudolphi, 1802), adult ST 5.5 0.1 ± 0.2 1.3 0.01 ± 0.1 0 0 -u 0 
Raphidascaris sp., * third-stage larva ME 0 0 0 0 84.0 3.5 ± 4.1 (f) 
=1 
Terranova galeocerdonis (Thwaite, 1927), third-stage larva ME 6.2 0.2 ± 0.8 0 0 4.0 0.04 ± 0.2 6 
z 
ACANTHOCEPHALA 0 
-n 
Bolbosoma turbinella (Diesing, 1851), juvenile ME 0 0 1.3 0.01 ± 0.1 66.0 2.0 ± 3.5 :d 
Corynosoma australe Johnston, 1937, juvenile ME 91.0 8.9 ± 13.4 88.5 8.4 ± 10.0 0 0 :t> (") 
Corynosoma cetaceum Johnston and Best, 1942, juvenile ME 9.7 0.1 ± 0.5 9.0 0.3 ± 1.3 0 0 ::r: c: 
:0 
CRUSTACEA 53 
Lernanthropus trachuri Brian, 1903, adult GI 12.4 0.3 ± 0.9 7.7 0.2 ± 0.7 10 0.2 ± 0.5 s;: 
* New host record. 
S! 
:t> 
t GI, gills; IN, intestine; LI, liver; GB, gall bladder; ME, mesenteries; ST, stomach; OE, oesophagus. ~ 
t Prevalence calculated over 130 hosts in Maramar and 77 in Villa Gesell, Argentina, and 43 hosts in Cabo Frio, Brazil. 
§ Prevalence calculated over 26 hosts in Miramar and 28 in Villa Gesell, Argentina, and 7 hosts in Cabo Frio, Brazil. --oJ 
--oJ 
W 
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TABLE IV. Comparisons of prevalence of component parasite species of Trachurus lathami among 3 zones of the Brazilian and Argentine Seas. 
Prevalence * 
Species X2 P MIP-VGP MIP-CF VGP-CF 
Gouss ia cruc ia t a 47.3 <0.01 NS < < 
Gastrocotyle trachuri 48.4 <0.01 NS < < 
Pseudaxine trachuri 66.6 <0.01 NS < < 
Ectenurus virgulus 70.2 <0.01 >t < < 
Monascus filiformis 42.8 <0.01 > > >t 
Callitetrarhynchus gracilis 55.0 <0.01 NS < < 
Grillotia carvajalregorum 259.8 <0.01 NS > > 
Pseudophyllidea plerocercoid 6.4 <0.05 NS NS NS 
Contracaecum sp. 14.6 <0.01 NS > >t 
Hysterothylacium sp. 105.0 <0.01 NS < < 
Hysterothylacium aduncun larva 15.5 <0.01 NS > NS 
Raphidascaris sp. 221.4 <0.01 AB < < 
Bolbosoma turbinella 161.0 <0.01 NS < < 
Corynosoma australe 171.1 <0.01 NS > > 
Lernanthropus trachuri 1.2 <0.01 NS NS NS 
* MIP, Miramar, pooled sample; VGP, Villa Gesell, pooled sample; CF, Cabo Frio; NS, not significant (P > 0.05); AB, absent in both samples. 
t P < 0.05. 
Katsuragawa, 1995). The Brazilian specimens examined herein 
came from Cabo Frio, a locality situated in the northern limit of 
distribution proposed for the southwestern Brazilian population 
(Saccardo and Katsuragawa, 1995); therefore, future studies 
including samples from intermediate regions are needed to 
determine the number of stocks of T. lathami along the Brazilian 
coasts. 
Previous studies comparing parasite communities of fishes 
between Brazilian and Argentinean coasts have shown similar 
patterns (Timi et a!., 2005, 2010). These are expected results 
because distant host populations are likely to share less species 
than are adjacent ones, owing to their high degree of isolation 
(Perez del Olmo et a!., 2009). A distance decay of similarity in 
species composition among parasite communities has been 
documented between Brazilian and Argentinean waters, where 
latitudinal patterns in species distribution reflect those in 
oceanographic conditions (Timi et a!., 2010) due to differential 
responses of individual species to environmental variation (Timi, 
2007). 
The same reasons explain the similarity between samples from 
the neighboring localities of MIP and VGP, which showed 
comparable values of both prevalence and abundance for most of 
the parasite species. In fact, only M. filiformis and E. virgulus, 2 
adult and short-lived gastrointestinal digeneans, varied in terms of 
TABLE V. PERMANOV A, PERMDISP P, and Pseudo-F values for general and pair-wise comparisons of the abundance of component parasite species 
of Trachurus lathami among three zones from Argentinean and Brazilian seas*t. 
PERMANOVA 
. 
Pair-wise PERMDISP Pair-wise Permdisp 
Pseudo- MIP-VGP MIP-CF VGP-CF Pseudo- MIP-VGP MIP-CF VGP-CF 
Parasite species F(2, 272) P P P P F(2. 272) P(Disp) P P P 
Gastrocotyle trachuri* 24.496 <0.01 NS <0.01 <0.01 65.445 <0.01 <0.05 <0.01 <0.01 
Pseudaxine trachuri* 39.034 <0.01 NS <0.01 <0.01 128.85 <0.01 <0.05 <0.01 <0.01 
Ectenurus virgulus 13.126 <0.01 <0.05 <0.01 <0.01 21.364 <0.01 <0.01 <0.01 NS 
Monascus filiformis 15.094 <0.01 <0.01 <0.01 <0.01 118.58 <0.01 <0.01 <0.01 <0.01 
Callitetrarhynchus gracilis* 31.706 • ' <0.01 NS <0.01 <0.01 224.17 <0.01 <0.01 <0.01 <0.01 
Grillotia carvajalregorum 165.41 <0.01 <0.01 <0.01 <0.01 0.81307 NS 
Pseudophyllidea 2.8456 >0.05 
plerocercoid * 
Contracaecum sp. 2.9668 <0.05 NS <0.05 <0.05 31.327 <0.01 NS <0.01 <0.01 
Hysterothylacium sp. 163.05 <0.01 NS <0.01 <0.01 116.Q7 <0.01 <0.01 <0.01 <0.01 
Hysterothylacium aduncun 3.0181 <0.05 NS NS NS 41.848 <0.01 <0.05 <0.01 <0.01 
larva 
Raphidascaris sp. 217.62 <0.01 AB <0.01 <0.01 551.31 <0.01 AB <0.01 <0.01 
Bolbosoma turbinella 120.19 <0.01 <0.05 <0.01 <0.01 412.41 <0.01 <0.01 <0.01 <0.01 
Corynosoma australe 51.933 <0.01 NS <0.01 <0.01 164.39 <0.01 NS <0.01 <0.01 
Lernanthropus trachuri* 0.16291 >0.05 
* TL did not affect the abundances. 
t MTP, Miramar, pooled sample; VGP, Villa Gesell, pooled sample; CF, Cabo Frio; NS, not significant (P > 0.05); AB, absent in both samples. 
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FIGURE 2. Canonical analysis of principal coordinates (CAP) bi-plot 
of parasite abundance in 3 samples of Trachurus lathami from the 
Brazilian and Argentinean coasts. Vector overlays are Spearman 
correlations of individual species with the CAP axis (restricted to those 
0.4 having correlation coefficients >0.4). Triangles, Miramar; circles, Villa 
Gesell; squares, Cabo Frio. Bo, Bolbosoma turbinella; Co, Corynosoma 
australe; Ec, Ectenurus virgulus; Ga, Gastrocotyle trachuri; Gr, Grillotia 
carvajalregorum; Hy, Hysterothylacium sp.; Ps, Pseudoaxine trachuri; Ra, 
Raphidascaris sp. 
prevalence between MIP and VGP. Both species also showed 
significant differences in abundance between sites. The difference 
of abundance for E. virgulus (P < 0.05) seems to be influenced by 
the highly significant differences in their dispersions (P < 0.01) 
which, in tum, could reflect differences in the aggregation of 
parasites between zones as a consequence of variations in the 
availability of infective stages; the same picture was observed for 
B. turbinella. In contrast, G. carvajalregorum was the only long-
lived parasite differing significantly among both samples, with no 
influence by data dispersion. This species has proven to be a 
suitable marker for other host species in this region (Timi, 2007); 
it was mainly resPonsible for the differences found between 
samples of T. lathami from both Argentinean localities. Differ-
ences In both fish diet and oceanographic conditions were 
identified as causes of the inter-population variations of parasite 
burdens between Villa Gesell and Miramar in other host species 
such as Pinguipes brasilianus and Pseudopercis semifasciata (Timi 
et aI., 2009; Timi and Lanfranchi, 2009), and this could account 
for the differences showed by G. carvajalregorum infecting T. 
lathami. The temporal homogeneity of parasite assemblages in 
each zone, and the significant differences in their structure 
between zones, indicate that different stocks of rough scad could 
TABLE VII. Discriminant analysis classification showing the numbers and 
percentages of Trachurus lathami classified in each zone (number of 
correctly classified fish in each sample appears in bold). * 
Zone 
MIP 
VGP 
CF 
MIP 
110 
32 
o 
VGP 
35 
46 
o 
CF 
o 
o 
50 
% 
75.9 
59.0 
100 
• MIP, Miramar, pooled sample; VGP, Villa Gesell, pooled sample; CF, Cabo Frio; 
%, percentage of correctly classified fish per zone. 
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be identified in waters of Buenos Aires Province during warmer 
seasons. However, owing to the similarity of most parasite species 
and the high percentage of misclassified fish between localities in 
the CAP results, the possibility of migration along the coast in 
this period, and the consequent interchange of fishes, cannot be 
disregarded. What remains unknown is whether the observed 
differences are a consequence of the differential availability of 
infective stages in the coastal zones, as has been observed for 
other fish species (Timi, 2007; Timi et ai., 2010), or if both stocks 
came from different winter territories. Parasite data from samples 
of T. lathami caught in winter at different latitudes could help 
resolve this issue. 
Here, we provide evidence to consider that parasites of T. 
lathami can be used as biological tags for stock discrimination in 
the southwestern Atlantic. Furthermore, and based on the 
differential parasite burdens found at different latitudes and their 
temporal persistence, they also have the potential for tracing 
seasonal migrations of this fish host. Sampling over different 
seasons, as well as increasing the number of study areas along 
South American coasts, will allow us to determine their migratory 
processes and how patterns of movement correlate with spatial 
and temporal changes in the environment, issues critical to 
understanding the stock structure of fish and its dynamics 
(Rijnsdorp and Pastoors, 1995). 
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THE LIFE CYCLE OF AUSTRALAPATEMON MAGNACETABULUM(DIGENEA: STRIGEIDAE) 
FROM NORTHWESTERN ARGENTINA 
Dora Davies and Margarita Ostrowski de Nuiiez* 
Facultad de Ciencias Naturales, Universidad Nacional de Salta, Avenida Bolivia 5150,4400 Salta, Argentina. e-mail: ddavies@unsa.edu.ar 
ABSTRACT: The life cycle of Australapatemon magnacetabulum Dubois, 1988 was resolved experimentally. Planorbid snails 
Biomphalaria tenagophila (d'Orbigny, 1835) collected in a small pond at the confluence of the San Lorenzo and Arias Rivers, near Salta 
City, Province of Salta, Argentina, were found to be shedding furcocercous cercariae possessing 4 pairs of penetration glands, 1 pair of 
unpigmented eyespots, 6 pairs of flame cells in the body, and 1 pair in the tail stem. Metacercariae were found encysted in naturally, 
and experimentally, exposed leeches Helobdella adiastola Ringuelet, 1972, Helobdella triserialis (Blanchard, 1849), Haementeria 
eichhorniae Ringuelet 1978, and Haementeria sp., and within their sporocysts in naturally infected p1anorbid intermediate hosts. 
Sexually mature adults were recovered from domestic chicks and a duck 8-28 days postexposure by metacercariae from leeches. The 
identification of the species was based upon the characteristic large ventral sucker and a genital cone, crossed by a hermaphroditic duct 
with internal folds, occupying approximately a 114 to 1/5 of the hindbody. 
Species of the strigeid Australapatemon Sudarikov, 1959, 
mainly parasitize anatid birds. It was initially considered a 
subgenus of Apatemon by Dubois (1968), but subsequently 
recognized as a valid genus by Yamaguti (1971) and Niewia-
domska (2002). The genus includes 9 species, i.e., Australapate-
monfuhrmanni Dubois, 1937, in Europe, Australapatemon anseris 
Dubois, 1967, and Australapatemon minor Yamaguti, 1933, in 
Europe and Asia, Australapatemon burti (Miller, 1923) and 
Australapatemon canadensis Dubois et Rausch, 1950, in North 
America, Australapatemon congolensis Dubois et Fain, 1956, in 
Africa, Australapatemon intermedius (Johnston, 1904) in Austra-
lia, and Australapatemon bdellocystis (Lutz, 1921) and Australa-
patemon magnacetabulum Dubois, 1988, in South America 
(Dubois, 1968, 1985, 1988). Recently, A. burti was reported from 
anseriform birds in Chile (Drago et aI., 2007) and A. canadensis 
from Cygnus melancoryphus (Molina) in Argentina (Drago and 
Lunaschi, 2010). Information on life cycles is known for 4 species, 
A. burti, A. intermedius, A. minor, and A. bdellocystis by Stunkard 
et aI. (1941), Dubois (1968), Heiss (1989), and Lutz (1933), 
respectively. Apart from these facts, many cercariae with 
provisional names have been described all over the world by 
Dubois (1968), and especially summarized for Central and South 
America by Ostrowski de Nunez (1977, 1981, 1982, 1992). 
Strigeid cercariae were found to emerge from Biomphalaria 
tenagophila (d'Orbigny, 1835) during a survey of larval trema-
todes in this snail species in the Tres Palmeras Pond, on the Valley 
of Lerma, near Salta City, Argentina. Other invertebrates and 
small vertebrates such as tadpoles were collected from the same 
site to search for the next intermediate hosts in an attempt to 
complete its life cycle under laboratory conditions. 
The aim of the present study was tq, resolve experimentally the 
life cycle of the emerging strigeid cercariae. The resulting adults 
are considered identical to Australapatemon magnacetabulum 
Dubois, 1988. 
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MATERIALS AND METHODS 
Tres Palmeras is a small pond located at the confluence of the San 
Lorenzo and Arias Rivers (24°47'S, 65°28'W), on the Valley of Lerma, 
near Salta City, Argentina. The pond is about 10 m in diameter; it has a 
maximum depth of 0.60 m in summer (December-March) and may dry up 
completely at the end of the dry season (May-October). Water 
temperature ranges from 10 to 27 C, pH from 6 to 7, and conductivity 
from 96.5 to 226 /lS·cm- 1• 
The pond is fed by 2 small streams from the west and northwest. The 
latter stream crosses a waterlogged area often visited by cows, horses, 
sheep, geese, and other wild birds, among other animals. It has a rocky 
substratum and possesses marsh vegetation represented by Rorippa 
nasturtium aquaticum (L.) Hayek, Eichhornia crassipes (Mart.) Solm.-
Laubl., Myriophyllum aquaticum (Veil.) Verdc., Hydrocotyle bonariensis 
Lam., and Lemna gibba L. 
The climate in the central region of the Lerma Valley is subtropical, 
with a mean annual temperature of 16.9 C, and a mean monthly 
temperature ranging between 11.2 and 24.0 C. The rainy season extends 
.·from November to April and the mean annual precipitation is 634.9 mm 
(Instituto Nacional de Tecnologia Agropecuaria, INTA, Salta City, 
Argentina). 
Samplings of B. tenagophila were made twice each season between 
January 2005 and December 2006, and monthly between January 2007 
and December 2007. Snails were collected by hand and transported in 
plastic containers without water to the laboratory. There they were 
isolated in vials with 5 ml dechlorinated water, exposed to light for 7 days 
at room temperature, (18-27 C), and checked daily for emergence of 
cercariae with the use of a stereoscopic microscope. All apparently 
uninfected snails and some of those shedding cercariae were crushed and 
examined for larval stages. The remaining snails that were shedding 
cercariae were maintained in 20 ml dechlorinated water and fed lettuce ad 
libitum. 
Samplings of leeches were carried out sporadically between January 
2005 and November 2006, and monthly between December 2006 and 
December 2007. During the latter period, 5 species, i.e., Helobdella 
adiastola Ringue1et, 1972 (n = 96), Helobdella lineata (Verrill, 1874) (n = 
55); Helobdella triserialis (Blanchard, 1849) (n = 3), Haementeria 
eichhorniae Ringuelet, 1978 (n = 2), and Haementeria sp. (n = 18), were 
collected by hand and transported to the laboratory. The leeches were 
gently pressed between 2 glass slides and examined periodically over a 2-
wk period with the use of a stereoscopic microscope to detect a previous 
natural infection with Australapatemon sp. metacercariae. When infected 
leeches were discovered, the number of metacercariae in each leech was 
recorded prior to experimental exposure. The leeches were then placed in 
plastic containers with 5 m1 of dechlorinated water and exposed for 20 min 
to 40-50 cercariae that had emerged naturally from B. tenagophila. 
Following exposure, they were fed uninfected laboratory-reared specimens 
of B. tenagophila. Tadpoles belonging to Rhinella arenarum (Hensel, 1867) 
were collected from ponds without planorbids and also exposed to 
emerging cercariae. 
Newly hatched, unfed chicks (Gallus gallus domesticus L.) (n = 24) and 
1 domestic duck (Anas platyrhynchos L.) were force-fed mature 
metacercariae from experimentally infected leeches, and 9 other chicks 
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were force-fed metacercariae in sporocysts from naturally infected B. 
tenagophila. The animals were housed in cages at room temperature, fed 
with oat and bread, and supplied with water ad libitum. They were killed 
and necropsied from 3 to 28 days postexposure (PE) to recover the adults. 
The morphology of the larval and adult stages was examined, preferably 
using live specimens. Neutral red and Nile blue sulphate were used for 
vital staining of cercariae. Adults were fixed in hot 4% formalin, stored in 
70% ethyl alcohol, cleared in Amman's lactophenol, or stained with 
chlorhydric carmine, dehydrated, cleared in creosote, and mounted in 
Canada balsam; some specimens were embedded in paraffin, cut at 7 11, 
stained with hematoxylin-eosin, and mounted in Canada balsam. Two 
infected B. tenagophila and 3 specimens of adults from chicks were 
preserved directly in 96 and 70% ethyl alcohol, respectively. Drawings 
were made with the aid of a camera lucida. For measurements, live 
sporocysts and metacercariae from experimentally infected leeches were 
gently pressed between a coverslip and slide; cercariae were fixed in hot 
4% formalin, mounted in the same fixative, and placed between a coverslip 
and slide without pressure. Measurements of the mostly ventrally curved 
adult bodies were made from permanent mounts as follows: the hindbody 
length was taken as the distance between the middle of the neck 
immediately after the proteolytic gland and the posterior end of the 
worm. The forebody length was taken as the distance between the anterior 
end and the middle of the neck behind the proteolytic gland (see Johnston 
and Angel, 1951). Measurements are given in micrometers, with the 
arithmetic mean followed by the range in parentheses. Eggs were measured 
alive and in permanent mounts. The type material of A. magnacetabulum 
(MHNG 985.644) and voucher specimens of A. bdellocystis (MHNG 
983.1006) deposited in the Museum of Natural History of Geneva, 
Geneva, Switzerland, were studied for comparison. 
RESULTS 
A total of 3,078 specimens of B. tenagophila was collected, of 
which 45 (l.46%) were infected with the Australapatemon species. 
All the exposed leeches, i.e., H. adiastola, H. triserialis, 
Haementeria sp., and H. eichhorniae were infected with mature 
metacercariae, whereas no evidence of infection was observed in 
H. lineata or in R arenarum tadpoles. Twenty-five specimens were 
recovered from the duck 14 days PE; 12 of 24 chicks exposed to 
metacercariae from leeches were positive, and 7, 3, 26, 2, 43, and 1 
(total 82) adults were recovered at 8, 9, 12, 13, 14, and 28 days PE, 
respectively. Five of 9 chicks exposed to metacercariae from B. 
tenagophila acquired the infection, and 1, 6, 5, and 2 (total 14) 
adults were recovered at 3, 7, 10, and 13 days PE, respectively. 
DESCRIPTION 
Australapatemon magnacetabulum Dubois, 1988 
(Figs. 1-8) 
Adult (Figs. 1,2, and 6): Diagnosis based on permanent mounts of 43 
gravid specimens from experimentally infected domestic duck and chicks. 
Measurements based on 10 specimens from duck 14 days PE; measure-
ments on specimens from chicks in Table I. Body distinctly bipartite, 
curved ventrally, 1,478 (1,326-1,725) long, Mt'h definite neck constriction. 
Forebody utriculiform, cylindrical, 401 (337-473) long by 305 (236-360) 
wide. Hindbody subcylindrical, 1,077 (989-1,252) long by 313 (218-432) 
wide, with rounded truncated end perpendicular to longitudinal axis. Oral 
sucker subterminal, 83 (60-98) long by 80 (65-92) wide; prepharynx not 
discernible; pharynx small, 39 (37-42) long by 39 (29-49) wide; esophagus 
short, bifurcates in front of ventral sucker into 2 ceca ending at level of 
genital cone. Ventral sucker larger than oral sucker, 125 (99-174) long by 
126 (83-193) wide. Holdfast organ consists of 2 lobes with spinous 
tegument, at anterior level of pyriform proteolytic gland, 39 (27-57) long 
by 98 (54-166) wide, situated at limit between forebody and hindbody. 
Gonads occupying anterior 2/3 of hindbody. Testes tandem, rounded to 
irregular in shape, borders slightly lobed; anterior and posterior testis 174 
(162-185) long by 117 (86-147) wide and 173 (159-185) long by 102 (77-
liS) wide, respectively. Seminal vesicle dorsal, 81 (78-84) long by 110 (85-
135) wide, posterior to testes. Hermaphroditic duct with internal folds 
enters spherical genital cone, 134 (91-165) long by 140 (123-184) wide, 
delimited from surrounding parenchyma by its own musculature, opens 
into shallow genital atrium 51 (46-57) long. Ovary oval, 127 (113-140) 
long by 91 (86-94) wide, with posterior border slightly concave, located in 
first third of hindbody, immediately anterior to testes. Laurer's canal 
opens dorsally at level of anterior edge of anterior testis. Mehlis' gland 
present. Vitelline glands numerous, elongate, extend from level of neck to 
posterior end of hindbody, occupy ventral and ventrolateral regions. 
Vitelline reservoir intertesticular. Uterus emerging from ootype, runs 
toward anterior end until level of anterior border of hindbody, then turns 
backward until joining ejaculatory duct; with 1-9 eggs, measuring 90 (79-
98) long by 49 (42-58) wide in permanent mounts. 
Egg: Live eggs obtained from adults III (93-123) long by 67 (59-74) 
wide (n = 35). Capsule oval, I end operculate, with zygote and several 
vitelline cells. Fully developed miracidia first observed after 15 days at 
room temperature (23-27 C), most miracidia develop within 20 days. 
Mother sporocyst: Not detected in naturally, heavily infected snails. 
Daughter sporocyst (Fig. 3): Sporocysts in digestive gland and gonad of 
B. tenagophila. Body elongated, sac-like, colorless, up to 4 mm long. Large 
sporocysts with 10-16 fully developed cercariae and numerous germinal 
masses. Sporocysts forming tangled masses in digestive gland, gonad, 
intestine, stomach, kidney, prostate, etc., of heavily infected snails. 
Cercaria (Figs. 4 and 5): Measurements based on 30 formalin-fixed 
specimens from natural infections. Body oval, 133 (HiO-I91) long by 50 
(34-73) wide, with 4 pairs of sensory hairs, 1 at level of penetration organ, 
I at level of unpigmented eye spots, I at posterior level of ventral sucker, I 
at level of excretory vesicle. Tegument spines present on ventral side, 
reaching close to anterior margin of ventral sucker. Tail stem 136 (108-
164) long by 36 (25-42) with 5-6 pairs of caudal bodies, approximately 10 
sensory hairs on lateral borders, tegument without spines; furca 163 (105-
201) long, with spinous tegument and several short sensory hairs. 
Penetration organ 28 (22-37) long by 25 (20-37) wide, densely covered 
with minute spines; anterior tip protrusible, oral opening terminal. 
Prepharynx short, inconspicuous, pharynx distinct. Esophagus long; 
intestinal bifurcation approximately halfway between pharynx and ventral 
sucker, intestinal ceca reaching almost to posterior level of ventral sucker. 
Ventral sucker 25 (19-37) long by 25 (17-37) wide, situated posterior to 
midbody; opening surrounded by 2-3 crowns of spines. Unpigmented 
eyespots situated slightly posterior to cecal bifurcation. Four pairs of 
penetration glands difficult to recognize, posterior to ventral sucker. 
Gland ducts run toward anterior end, dilated slightly on entering 
penetration organ, open in groups of 4 individual pores on each side of 
oral opening. Excretory system with small bladder, 6 pairs of flame cells in 
body and I pair in tail stem. Flame cell formula 2 ([1+1] + [2+2] + I) = 14. 
Postacetabular transverse commissure present. 
Metacercariae (Figs. 7 and 8): Measurements based on experimentally 
obtained, live encysted metacercariae (n = 10) from leeches, 17-22 days 
PE. Inner cyst oval in shape, 172 (157-181) long by 152 (137-159) wide, 
cyst wall thick, 32 (15-47). Measurements based on cysts (n = 20) from 
live sporocysts: Inner cyst 205 (191-221) long by 171 (162-189) wide; cyst 
wall 29 (13-49). Measurements based on cysts (n = 2) from Canada 
balsam-mounted leeches: inner cyst 186 (180-191) long by 168 (166-169), 
cyst wall 20 (9-30). 
Taxonomic summary 
Natural definitive host: Strix rufipes King., Buteo magnirostris (Gm.) 
(see Dubois, 1988). 
Experimental definitive hosts: Gallus g. domesticus Linnaeus, 1758; A. 
platyrhynchos Linnaeus, 1758. 
Site of infection: Anterior intestine. 
First intermediate host: Biomphalaria tenagophila (d'Orbigny, 1835). 
Site of infection: Gonad and hepatopancreas. 
Second intermediate host: Helobdella adiastola Ringuelet, 1972, H. 
triserialis (Blanchard, 1849), Haementeria eichhorniae Ringuelet, 1978, and 
Haementeria sp. 
Locality: Salta, Tres Palmeras Pond (24°47'S, 65°28'W). 
Site of infection: Parenchyma. 
Specimens deposited: MACN-Pa 52111-9 from A. platyrhynchos, 
MACN-Pa 521110-19, from G. g. domesticus, MACN-Pa 521120 sporo-
cysts from B. tenagophila, MACN-Pa 521121-24 sagittal sections of adults 
from G. domesticus; MACN-Pa 521125 histological sections of leeches 
containing metacercariae. 
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FIGURES 1-5. Australapatemon magnacetabulum. (1) Adult from experimentally infected duck, 14 days PE (with retracted holdfast organ); scale bar 
= 20011. (2) Holdfast organ in sagittal section; scale bar = 10011. (3) Sporocyst from naturally infected Biomphalaria tenagophila; scale bar = 60011. (4) 
Cercaria in resting position; scale bar = 50 11. (5) Cercaria body; scale bar = 50 11. 
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TABLE I. Australapatemon magnacetabulum Dubois, 1988. Measurements (11) of adults obtained from Gallus gallus domesticus experimentally infected 
with metacercariae from different sources, and of type specimens from Strix rujipes King. PE: postexposure. L: length, W: width, n: number of 
specimens measured. 
Adults from Gallus g. domesticus Type material 
Source of metacercariae from Strix rufipes King. 
Hirudinea 14 days PE Biomphalaria tenagophila Present paper 
(range [mean; nl) 13 days PE (range; n = 2) (range [mean; nl) Dubois (1988) 
Forebody L 315-491 (390; 15) 370-377 315-466 (395; 8) 420-450 
Forebody W 285-452 (344; 15) 291-313 340-454 (385; 8) 360-370 
Hindbody L 397-1,323 (674; 16) 616-757 378-630 (476; 8) 660-950 
Hindbody W 246-442 (324; 16) 246-359 271-378 (323; 8) 270-310 
Oral sucker L 57-128 (90; 15) 73-81 86-128 (106; 8) 92-95 
Oral sucker W 57-112 (82; 15) 73-91 70-80 (73; 4) 70-80 
Pharynx L 45-96 (60; 8) 34-42 64-96 (80; 7) 
Pharynx W 32-51 (39; 7) 34-47 48-70 (57; 6) 
Ventral sucker L 110-154 (131; 15) 104-165 96-224 (146; 10) 130-200 
Ventral sucker W 96-177 (128; 15) 114-137 128-176 (152; 10) 105-170 
Proteolytic gland L 29-81 (53; 4) 44-53 70-128 (99; 7) 120-190 
Proteolytic gland W 49-11 0 (82; 4) 84-110 128-186 (149; 7) 90-95 
Ovary L 80-179 (113; 8) 127 61-112 (71; 6) 63-105 
Ovary W 91-135 (104; 8) 88 96-138 (118;6) 90-115 
Anterior testis L 54-314 (155; 5) 111 80-138 (107; 6) 75-165 
Anterior testis W 123-160 (143; 5) 104 128-192 (155; 6) 105-175 
Posterior testis L 64-216 (128; 5) 187 112-224 (151; 6) 75-190 
Posterior testis W 66-160 (107; 5) 92 128-224 (189; 6) 120-235 
Genital cone L 78-130 (102; 11) 109-113 128-224 (157; 6) 115-165 
Genital cone W 74-128 (101; 11) 112-166 128-160 (140; 6) 115-150 
Genital atrium 26-90 (59; 8) 49-54 80-160 (124; 9) 
Eggs L 67-122 (108; 17) 84-100 96-115 (105; 15) 100-105 
Eggs W 48-69 (54; 13) 42-52 45-61 (51; 15) 60-63 
Remarks 
The cercariae showed periods of active swimming, alternating with short 
periods of rest, during which the body pointed downward; their maximum 
life span was about 24 hr. Most of them accumulated near the bottom of 
the container. The peak of cercariae emergence occurred before midday, at 
room temperature (23-27 C). 
The cercariae penetrated the skin of the leeches H. adiastola, H. 
triserialis, H. eichhorniae, and Haementeria sp., but barely penetrated the 
skin of H. lineata, and encysted after a period of growth' and 
differentiation. The cercariae were never observed penetrating the skin 
of tadpoles. They also encysted within their own sporocysts in the 
molluscan hosts. 
In H. adiastola, the period of cyst maturation was 17-22 days PE in 
moderately parasitized individuals and was variable in heavily infected 
ones, with 100% mortality after exposure to more than 50 cercariae. In H. 
triserialis, cyst development was completed in 37 days PE. 
The prevalence of the metacercariae in nat'urally infected leeches (n = 
174) during the period of monthly samplings (December 2006-December 
2007) was 21 %, the mean intensity 2.9, and the mean abundance 0.6. 
The adults recovered from the duck possessed a longer hindbody, more 
eggs, and shorter gonads as compared to those from chicks. No difference 
in morphology was observed between adults derived from cysts in 
Hirudinea and from cysts within sporocysts in the snail host. Eggs 
appeared from 9 days PE in the uterus. 
The type material of Dubois (1988) consists in 10 specimens from S. 
rujipes on I slide, in a different state of contraction. Apparently, Dubois 
measured only 2 specimens, and it is not clear how they were made, which 
means they are difficult to compare with the present material. Moreover, 
the extension of the vitelline follicles often obscure the limits of the genital 
organs, in both type specimens and present experimental material. 
Measurements on type specimens taken in the same manner as on the 
experimental specimens are given in Table I. 
DISCUSSION 
The cercaria of A. magnacetabulum is similar to Furcocercaria 
sp. B (cf. Apatemon Australapatemon) described by Ostrowski de 
Nunez and Quaggiotto (1995) in body length (130), but differs in 
that the latter has a shorter tail stem (115) and furcae (116), and 
was observed to emerge from Chilina sp. in Argentine Patagonia. 
It is also similar to Cercaria cumanacoensis Nasir 1964 from 
Venezuela, but this species has 9 pairs of caudal bodies, and 
emerged from the prosobranch snail Pomacea glauca (L.) (Nasir, 
1964). 
The encystation of the cercaria in its own sporocysts was not 
mentioned in the known life cycles of other Australapatemon 
species, and is here mentioned for the first time. 
The experimentally obtained adults obtained here are consid-
ered identical to A. magnacetabulum due to the characteristic large 
ventral sucker, and a genital cone, occupying approximately a 1/4 
to 115 of the hindbody, crossed by a hermaphroditic duct with 
internal folds. The differences in measurements as compared with 
the type material may be due to the natural and experimental host 
species, and to the above-mentioned difficulty of taking them 
accurately. 
Australapatemon magnacetabulum can be distinguished from A. 
bdellocystis by possessing a smaller genital cor:.e (78-130174--128 
vs. 200-2601125-140) that occupies less than 1/4 of the hindbody 
(vs. 113) (Dubois, 1985), from A. burti by posessing testes of 
similar size, with slightly lobed borders, versus an asymmetric 
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FIGURES 6-8. Australapatemon magnacetabulum. (6) Genital cone and hermaphroditic duct in sagittal section from adult of experimentally infected 
Gallus domesticus; scale bar = 100!!. (7) Excysted metacercaria from leech; scale bar = 100!!. (8) Metacercaria cyst from leech; scale bar = 50 !!. ic: inner 
cyst; cw: cyst waiL 
anterior testis, and both lobed and folded testes (Dubois, 1968; 
Drago et aI., 2007), and from A. canadensis by the absence of a 
multilobed proteolytic gland, and a muscular ring at the genital 
atrium (Dubois, 1968; Drago and Lunaschi, 2010). 
Species of Australapatemon Sudarikov, 1959 are distinguished 
by adults in possessing a well-defined genital cone, which is 
delimited from the surrounding parenchyma by its own muscu-
lature, is crossed by a long and folded hermaphroditic duct, and 
parasitize mainly anserine birds. The cercaria has a well-
developed alimentary canal and 14 protonephridia, and encysts 
in leeches. In contrast, species of Apatemon Szidat, 1928 have a 
small and poorly developed genital cone, which is not well 
delimited from the surrounding parenchyma, and is crossed by a 
narrow, straight, and barely muscular hermaphroditic duct. The 
cercaria has a rudimentary alimentary canal and 10 protone-
phridia; the metacercariae develop in fish and piscivorous birds 
are the definitive hosts (Niewiadomska, 2002). 
The life cycles of A. burti, A. intermedius, A. minor, and A. 
bdellocystis have already been described, and differ from that qf 
A. magnacetabulum as follows . Australapatemon burti uses first 
intetmediate hosts belonging to Lymnaeidae and Planorbidae; the 
cercariae emerge mainly at night, and the large metacercariae 
(450/295) encyst in Erpobdella punctata (Leidy), with a develop-
ment period of 30-42 days (Stunkard et aI., 1941). 
Australapatemon intermedius uses Iymnaeids as first intermedi-
ate hosts, and the large metacercari'ae (265-393/206-328) are 
found in leeches of Glossiphonia (see Dubois, 1968). 
Australapatemon minor uses lymnaeids as first intermediate hosts; the 
cercaria has conspicuous penetration glands, 8 pairs of caudal bodies 
(instead of 5--6 in A. magnacetabulum), and the large metacercariae 
(395/327) parasitize Erpobdella octoculata (L.) (see Heiss, 1989). 
The life cycle of A. bdellocystis was poorly described by Lutz 
(1933) as Apatemon bdellocystis, based on specimens recovered 
from pigeons experimentally infected with cysts obtained from 
leeches. The latter had been experimentally exposed to cercariae 
(described as Dicranocercaria bdellocystis by Lutz in 1921), 
emerging from Australorbis immunis (= Biomphalaria tenagophila) 
in Brazil. Dubois (1970) considered that the experimental data of 
Lutz (1921, 1933) were unreliable, as shown by the comparison 
with the original preparations deposited in the Helminthological 
Collection of the Instituto Oswaldo Cruz. This species was found 
in Dendrocygna viduata L. in Paraguay and redescribed by Dubois 
(1985). The life cycle of A. bdellocystis is still not fully known. 
The cercaria morphology and leeches acting as second interme-
diate hosts in A. magnacetabulum are in agreement with the 
definition given by Niewiadomska (2002) for Australapatemon 
species with known life cycles. On the contrary, the life cycle 
proposed for Apatemon species (based on that of A. gracilis, syn. A . 
. cobitidis, after Dubois, 1968) cannot be generalized for all cases. An 
example is provided by the recently described Australian species 
Apatemon hypseleotris Negm-Eldin and Davies, 2002, obtained 
experimentally from pigeons and rats. It clearly belongs to 
Apatemon by possessing a genital cone not delimited from the 
surrounding parenchyma and a short and straight hermaphroditic 
duct. The cercaria is· similar to that of Australapatemon, with well-
developed intestinal ceca and 7 pairs of protonephridia; it encysts in 
leeches (as Australapatemon) and in fish (as Apatemon). The adult 
develops in birds and, astonishingly, also in mammals (Negm-Eldin 
and Davies, 2002), which is an unusual exception, as strigeids are 
specific to birds. Likewise, ApatemonjamesiPalmieri, Krishnasamy 
and Sullivan, 1979, uses leeches instead of fishes as second 
intermediate hosts (Palmieri et aI., 1979). 
The natural definitive hosts of A. magnacetabulum in Paraguay 
are B. magnirostris and S. rufipes (probably S. chacoensis), as 
stated by Dubois (1988). Both species of birds are found in 
Argentina, but only B. magnirostris was examined for parasites 
(Lunaschi and Drago, 2006), and A. magnacetabulum was not 
found. The characteristics of the present life cycle with 
metacercariae in leeches and in snails make it difficult to imagine 
how the natural hosts could become infected (as these birds feed 
on insects, small mammals, and birds), unless other variations of 
the life cycle do occur, as in A. hypseleotris. 
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MELAND/DES TUBERCULATA (MOLLUSCA: THIARIDAE) HARBORING RENICOLID 
CERCARIAE (TREMATODA: RENICOLIDAE) IN BRAZIL 
H. A. Pinto and A. L. Melo* 
Laborat6rio de Taxonomia e Biologia de Invertebrados, Departamento de Parasitologia, Instituto de Ciencias Biol6gicas, Universidade Federal de 
Minas Gerais, Belo Horizonte, Minas Gerais, C.P. 486, 30123-970, Brazil. e-mail: aldemelo@icb.ufmg.br 
ABSTRACT: Melanoides tuberculata, naturally infected by gymnocephalous cercariae, were found in aquatic collections from Belo 
Horizonte, Minas Gerais, Brazil. After morphological characterization, larvae were used for experimental infection of Poecilia 
reticulata. Metacercariae were obtained from the liver of these fish, which were also found to be naturally infected in the same locality. 
The morphology and biology of the developmental stages of trematodes we obtained were characteristic of Renicola sp. This is the first 
record of renicolid cercariae and metacercariae in Brazil. 
Melanoides tuberculata (Muller, 1774), a caenogastropod 
mollusc originally described from Asia, has been reported as an 
intermediate host of several species of trematodes, mainly in Asia, 
although 3 of these parasites (Centrocestus formosanus [Nishigori, 
1924], Philophthalmus gralli Mathis and Leger, 1910, and 
Haplorchis pumilio [Looss, 1896]) have been reported in these 
molluscs in different countries of the Americas (reviewed by Pinto 
and Melo, 2011). 
Melanoides tuberculata was introduced in Brazil in the late 
1960s (Vaz et aI., 1986) and currently occurs in a wide variety of 
aquatic habitats throughout the country (Fernandez et aI., 2003). 
Studies relating to the involvement of these molluscs in the life 
cycle of trematodes in Brazil are recent (Thiengo et aI., 2001; 
Boaventura et aI., 2002; Bogea et aI., 2005; Pinto and Melo, 
20 lOa, 20 lOb). In the present investigation, natural infection of 
M. tuberculata by gymnocephalous cercariae in Brazil is reported. 
The morphological characteristics of the cercariae, associated 
with experimental aspects of the biological cycle, enabled 
presumptive identification of Renicola sp. 
MATERIALS AND METHODS 
Specimens of M. tuberculata were collected between April 2009 and 
May 2011 from 2 aquatic locations in the city of Belo Horizonte, state of 
Minas Gerais, Brazil, i.e., Pampulha Dam (l9°50'18"S, 43°59'40''W) and 
the lake beside the administrative center (19°47'12"S, 43°57'45"W). 
The molluscs were collected with a nylon hand net (50 em in width, 40 em in 
height, and 30 em in diameter with a mesh of I mm2) attached to an aluminum 
handle 150 em in length. The snails were packed in plastic bags, labeletl, and 
transported to the laboratory where they were sorted and washed in tap water, 
macroscopically observed for preliminary identification, and counted. They 
were then transferred to micro titer plates containing about 5 m1 of chlorine-
free water and left overnight to be evaluated using a stereomicroscope before, 
and after, exposure to light. The freshly emerged larvae were examined with 
the aid of vital stain (0.05% neutral red and Nile blue sulfate); after being killed 
in water at 70 C, they were fixed in formalin, stained with alum aceto-carmine, 
and mounted on permanent slides in Canada balsam (Melo, 2008). 
Morphological analysis was performed with the aid of a light microscope. 
Twenty specimens were measured using an ocular micrometer; photographs 
were taken using an Olympus Stylus 840 digital camera (Olympus, Tokyo, 
Japan). To study sporocysts, infected snails were crushed between glass plates 
and the larvae were examined using light microscopy. 
To ascertain whether metacercariae might be formed in a second 
intermediate host, 30 male specimens of laboratory reared Poecilia 
reticulata Peters, 1859 (Pisces: Poeciliidae), measuring 2-3 em in total 
length, were transferred to an aquarium containing 1 L of chlorine-free 
water. A solution containing cercariae that had emerged from naturally 
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infected specimens of M. tuberculata was then added to the aquarium. To 
search for metacercariae, the fish were killed by concussion and dissected 
using a stereomicroscope at time periods ranging from 1 hr to 5 days after 
infection. Specimens of P. reticulata were collected from the Pampulha 
Dam and were analyzed for the presence of metacercariae of the parasite. 
The metacercariae found were studied with the aid of a light microscope. 
The morphology and morphometry of the developmental stages obtained 
(cercariae, sporocysts, and metacercariae) were compared with descrip-
tions of different authors (Sewell, 1922; Gold and Lengy, 1974; Ito, 1977; 
Prevot and Bartoli, 1978; Haseeb, 1980; Saxena, 1982; Abdul-Salam and 
Sreelatha, 1997; Vergara and Vehisquez, 2009). 
During snail surveys conducted in the present study, 6,148 specimens of 
M. tuberculata were collected and examined, of which 15 specimens (0.24%) 
were found to be releasing gymnocephalous cercariae. Two specimens were 
co-infected with larvae of C. formosanus. The morphologic and morpho-
metric analysis on the developmental stages obtained enabled putative 
identification of Renicola sp. Descriptions of developmental stages obtained 
in the present study are presented below, along with comparative data of 
measurements (in~) of renicolid trematodes reported in M. tuberculata by 
different authors (Table I). Specimens ofthe developmental stages obtained 
were deposited in the collection of the Invertebrate Taxonomy and Biology 
Laboratory (DPIC), Belo Horizonte, Minas Gerais, Brazil. 
DESCRIPTION 
Ren;cola sp. 
(Figs 1-4) 
Cercariae (Figs. 1,2): Larvae with linguiform body, 301 ± 21 (253-328) 
~ long by 112 ± 7 (102-130) ~m wide, covered with spines measuring 5-
7 ~ and filled with brownish and irregular shaped granules measuring 7-
8 ~m in diameter. Oral sucker subterminal, 28 ± 2 (25-32) ~ by 26 ± 2 
(22-28) ~m. Pharynx small, inconspicuous, 10 ±1 (8-12) ~ long by 9 ± 1 
(7-10) ~ wide. Intestinal ceca not seen. Presence of clusters of glandular 
cells (cephalic glands) in anterior region of body. Ventral sucker equatorial 
27 ± 2 (25-30) ~m long by 27 ± 2 (25-30) ~m wide. Genital primordium 
small, of irregular shape, 25 ± 2 (20-32) ~Iong by 17 ± 2 (13-20) ~m wide, 
located near anterior margin of ventral sucker. Tail, single, 235 ± 15 (205-
253) ~ long by 31 ± 3 (25-35) ~m wide; at rest, it curves up on ventral 
surface. Relationship between body length and tail length 1.27 ± 0.1 (1.13-
1.4'5). Excretory vesicle Y-shaped, long, bifurcating near ventral sucker, 
with arms that do not extend beyond this point. Cells flames not seen, 
possibly due to presence of excretory granules. 
Sporocysts (Fig. 3): Larvae elongate, brownish, with little movement, 
measuring 1,009 ± 225 (860-1,633) ~ long by 211 ± 49 (137-273) ~ 
wide, found in digestive gland; only a few cercariae fully formed along 
with several germ cells at different stages of development. 
Metacercariae (Fig. 4): Cysts oval, 232 ± 21 (205-273) ~ long by 147 
± 22 (109-177) ~m wide, with thin and tough hyaline cystic wall. Cysts 
obtained from naturally infected fish also oval in shape, measuring 364 ± 
25 (314--382) ~m by 219 ± 21 (198-253) ~, in advanced stage of 
development, with Y-shaped excretory vesicle; excretory arms extend into 
anterior region of larva, containing dark granules inside. One hour after 
exposure to larvae, P. reticulata specimens presented tailless cercariae 
migrating upwards to anterior region of digestive tract; free tail movement 
also viewed, suggesting that tail of cercaria is lost before it arrives at site of 
encystment. Metacercariae found in livers of all experimentally infected 
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FIGURES 1--4. Larval stages of Renicola sp. found in Belo Horizonte, Minas Gerais, Brazil. (1) Cercaria that emerged from naturally infected 
Melanoides tuberculata. (2) Cercarian body showing in detail the Y-shaped excretory vesicle. (3) Sporocyst. (4) Metacercariae from Poecilia reticulata. 
Scale bars: I, 3, and 4 = 1 00 ~m, 2 = 50 >Lm. 
fish 24 hr after infection. Specimens of P. reticulata collected from the 
same field site possessed natural infections with metacercariae at different 
stages of development. Attempts at chemical and physical excystment of 
metacercariae were unsuccessful. 
Taxonomic summary 
First intermediate host: Melanoides tuberculata (Muller 1774). 
Locality: Belo Horizonte, Minas Gerais, Brazil. 
Prevalence of infection: 0.24%. 
Second intermediate host: Poecilia reticulata Peters, 1859 (natural and 
experimental). 
Definitive host: Unknown. 
Deposited specimens: DPIC 6218 and 6219. 
Remarks 
Cercariae of Renicola spp. are characterized by having a spiny body, an 
oral sucker with or without a stylet, a digestive system that is difficult to see, 
a single tail with the length approximately equal to the body length, or even 
much larger than this, and with or without fin-folds. Moreover, renicolid 
cercariae present a pre-acetabular median genital primordium and a well-
developed excretory vesicle (Y- or V-shaped) with excretory granules spread 
throughout the body. These cercariae are produced by sporocysts in· 
prosobranch molluscs, especially in the marine species. The larvae of 
Renicola sp. recorded here have no stylet on the oral sucker, no tail fin-folds, 
and their excretory vesicle is Y-shaped with alms that do not extend beyond 
the acetabulum. The larvae show morphology and measurements similar to 
those of Renicola lari Timon-David, 1933, and Cercaria kUlVaitae X Abdul-
Salam and Sreelatha, 1997, but differ mainly in terms of the presence ofa V-
shaped excretory vesicle and are found in marine prosobranch molluscs 
(Prevot and Bartoli, 1978; Abdul-Salam and Sreelatha, 1997). 
The cercariae of Renicola sp. reported in the present study are also 
similar to other larvae found in M. tuberculata from different countries, 
i.e., India, Cercaria indica XIV (Sewell, 1922), and Cercaria tandani 
(Saxena, 1982); Philippines, Cercaria leyteensis no. 10 (Ito, 1977); Israel, 
Cercaria levantina 9 (Gold and Lengy, 1974); Pakistan, C. indica XIV 
(Hasseb, 1980); Venezuela, Cercaria marinoi (M.T Diaz, A. , Bashrollah , 
and Y. Malave, pers. comm.); and Colombia, Cercaria sp. 1 (Vergara and 
Vehisquez, 2009). It is possible that these renicolid larvae reported from 
M. tuberculata are conspecific or phylogenetically closely related. 
DISCUSSION 
Renicolid trematodes are renal parasites of birds; they exhibit a 
wide variety of life cycles and larval forms (Gibson, 2008). The 
adult parasites include 40 nominal species and dozens of putative 
Renicola species that share great morphologic similarity (Stun-
kard, 1964; Munyer and Holloway, 1990). 
Studies on snails transmitting these parasites have been 
conducted since the early 20th Century, when Rothschild (1935) 
described 6 species of cercariae in Turritella communis Risso, 
1826, thus creating the cercaria group known as 'Rhodometopa.' 
Years later, because of the similarity between the excretory system 
of larvae and young adults, the Rhodometopa group was linked 
wi th adult trematodes of the genus Renicola (Wright, 1953). Since 
then, about 23 renicolid cercariae with great morphological 
variability have been described from prosobranch molluscs and 
associated with trematodes belonging to this genus (Gilardoni 
et a\., 2011). 
The life cycles of renicolid trematodes, which are known in a 
few species, usually involve molluscs as second intermediate hosts, 
as seen for Renicolq roscovita (Stunkard, 1932) and Renicola 
thaidus Stunkard, 1964 (Stunkard, 1964; Werding, 1969; Sviirdh, 
1999) or various species of fish as for Renicola cerithidicola 
Martin, 1971 , Renicola buchamani (Martin and Gregory, 1951), 
and R. lari (Martin, 1971 ; Prevot and Bartoli, 1978). 
Involvement of fish in the transmission of Renicola spp. has 
been reported by different authors, and metacercariae of the 
Cercaria pythionike and Cercaria doricha types have been 
described (Rothschild, 1935; Wright, 1956; MacKenzie, 1975). 
The metacercariae described here presented a mixture of the 
characteristics of both life histories. The finding of naturally 
infected P. reticulata is also the first report of a Renicola sp. 
metacercariae in the Neotropics. 
In Brazil, 2 species, Renicola cruzi Wright, 1954 and Renicola 
mirandaribeiroi Freitas, 1955 have been described in different 
species of birds (Wright, 1954, Freitas, 1955, Travassos et aI., 
1969), but details of their life cycles remain unknown. Although 
there are previous reports of vertebrate hosts naturally infected by 
these trematodes in Brazil , the possibility that M. tuberculata 
might be participating in the life cycle of an introduced species 
cannot be disregarded. Knowledge concerning the distribution of 
trematodes transmitted by M tuberculata in South America, and 
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TABLE 1. Morphometric data from larval stages of Renicola sp. from Melanoides tuberculata from Belo Horizonte, Minas Gerais, Brazil and other 
similar larvae described by different authors. Abbreviations: L = length, W = width, ND = not done. 
Gold and Lengy, Vergara and 
Present study 1974 Ito, 1977 Haseeb, 1980 Saxena, 1982 Velasquez, 2009 
Cercaria levantina Cercaria leyteensis Cercaria indica 
Renicola sp. 9 10 XIV Cercaria tandani Cercaria sp.l 
Locality Brazil Israel Philippines Pakistan India Colombia 
Cercaria 
Body 
L 301 ± 21 (253-328) 250-625 292 (260-340) 350 (255-400) 300-450 30 I (235-408) 
W 112 ± 7 (102-130) 84--200 114 (100-130) 75 (55-85) 150-200 138 (110-157) 
Oral sucker 
L 28 ± 2 (25-32) 35-50 33 (30-35) 32 (30-35) 40-48 37 (24--55) 
W 26 ± 2 (22-28) 44 (40-50) 32 (30-35) 36 (24-47) 
Ventral sucker 
L 27 ± 2 (25-30) 37-55 38 (35-40) 25 (25-28) 40-48 35 (24-47) 
W 27 ± 2 (25-30) 43 (40-45) 25 (25-28) 35 (24--39) 
Pharynx 
L 10 ± I (8-12) 14--18 16 (15-17) 10 8-12 ND 
W 9 ± I (7-10) 20 (18-22) 10 
Tail 
L 235 ± 15 (205-253) 150-400 195 (150-250) 150 (100-185) 270-370 200 (173-243) 
W 31 ± 3 (25-35) 38-54 37 (35-50) 45--60 40 (31-47) 
Excretory bladder Y Y 
Sporocyst 
L 1,088 ± 225 (860-1,633) 2,500-3,500 
W 211 ± 49 (137-273) 275-350 
especially in Brazil, is still at an early stage. However, it is possible 
that these parasites are already widespread across the country. In 
fact, specimens of M tuberculata from the state of Rio Grande do 
Norte, about 1,800 km from Minas Gerais in northeastern Brazil, 
are infected with the larvae of C. formosanus and Renicola sp. 
described here (H. Pinto, unpubl. obs.). 
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A NEW SPECIES OF MARINE LEECH (HIRUDINIDA: PISCICOLIDAE) FROM GIANT 
KELPFISH, HETEROSTICHUS ROSTRATUS GIRARD, IN SOUTHERN CALIFORNIA 
Eugene M. Burreson, Julianne Kalman Passarelli*, and Bernard Kimt 
Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, Virginia 23062. e-mail: gene@vims.edu 
ABSTRACT: Collections of giant kelpfish at inner Cabrillo Beach, San Pedro, California revealed the presence of an undescribed 
species of Heptacyclus, described here as Heptacyclus cabrilloi n, sp, The leech is small, only up to 14 mm total length including suckers; 
it has 2 pair of slightly crescentiform eyes on the oral sucker, I pair of punctiform ocelli on the second annulus of the trachelosome, 13 
pairs of punctiform ocelli dorsally and ventrally on the urosome, and 14 marginal punctiform ocelli on the caudal sucker, Pigmentation 
is yellowish-tan with an unpigmented mid-dorsal stripe on both trachelosome and urosome, and with unpigmented halos around 
eyespots and urosome ocelli, Male reproductive system with 5 pairs of large, spherical testisacs. Mycetomes present, accessory gland 
cells on atrial cornu absent. Prevalence was 24.1 % in June, 2011 with a range of 1-2 leeches per fish and 25,8% in October, 2011 with a 
range of 1-6 leeches per fish. 
Heptacyclus Vasileyev, 1939 is one of the most speciose genera 
of marine leeches in the Northern Hemisphere, with 10 described 
species. The genus was synonymized with Malmiana Strand, 1942 
by Williams and Burreson (2006) based on molecular and 
morphological evidence; Heptacyclus has priority, The type 
species, Heptacyclus virgatus Vasileyev, 1939 is known from the 
Bering Sea and northern Pacific Ocean; Heptacyclus scorpius 
(Maim, 1863) and Heptacyclus brunneus (Johansson, 1896) are 
widely distributed in the north Atlantic Ocean; Heptacyclus 
bubalis (Srivastava, 1966), Heptacyclus yorki (Srivastava, 1966), 
and Heptacyclus myoxocephali Srivastava, 1966 are restricted to 
British waters; Heptacyclus philothermus (Sawyer, Lawler, and 
Overstreet, 1975) is known from the Gulf of Mexico; and 
Heptacyclus viridus (Burreson, 1977), Heptacyclus diminutus 
(Burreson, 1977) and Heptacyclus buthi (Burreson and Kalman, 
2006) are known from the northeastern Pacific Ocean along the 
west coast of the United States, With the exception of H. 
philothermus, all species of Heptacyclus parasitize cottid fishes, 
Collections of giant kelpfish, Heterostichus rostratus Girard, 
1854, near San Pedro, California revealed the presence of an 
undescribed species of Heptacyclus, described here. 
MATERIALS AND METHODS 
Giant kelpfish were collected by beach seine in February, June, and 
October 20 II during the Inner Cabrillo Beach Survey conducted quarterly 
by the Cabrillo Marine Aquarium in San Pedro, California, Leeches were 
removed with small artist's brushes and either immediately relaxed in 
weak ethanol, prior to fixation in AF A, or returned alive to Cabrillo 
Marine Aquarium for photographing prior to relaxation and fixation, 
Three individuals were placed directly into 95% ethanol. 
Descriptions are based on observations and photographs of live leeches 
and examination of 12 individuals fixed in AF A, 2 individuals fixed in 
95% ethanol, and serial transverse sectiOll's of 2 leeches embedded in 
paraffin, sectioned at 5 !1m, and stained with hematoxylin and eosin by the 
methods of Burreson and Kalman (2006), Measurements were made with 
an ocular micrometer. Drawings were made with the aide of a camera 
lucida. Segments and associated ganglia are designated by roman 
numerals. All leeches have 34 segments and associated nerve ganglia. 
The ganglia for the first 6 segments compose the brain, and then there are 
21 individual ganglia, one in the center of each subsequent segment, until 
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the posterior ganglionic mass composed of 7 fused ganglia, In the 
Piscicolidae, ganglion XII always occurs between the gonopores, 
DESCRIPTION 
Heptacyc/us cabrilloi n. sp. 
(Figs. 1-3) 
Diagnosis: Small leeches, up to 14 mm total length, including suckers. 
Suckers well developed, caudal up to 1,2 mm in diameter, oral up to 
0.5 mm in diameter. Oral sucker with 2 pair slightly crescentiform eyes; I 
pair punctiform ocelli on second annulus of trachelosome, Caudal sucker 
eccentrically attached to urosome, with 14 punctiform ocelli around 
margin. Paired punctiform ocelli dorsally and ventrally on 13 urosome 
segments, Pigmentation oftrachelosome and urosome uniformly yellowish-
tan with unpigmented mid-dorsal stripe and unpigmented halos around 
dorsal paired punctiform ocelli on urosome, Caudal sucker uniformly 
yellowish-tan with unpigmented halos around marginal ocelli. Oral sucker 
uniformly yellowish-tan with unpigmented halos around eyes and irregular 
unpigmented area anterior to first pair of eyes, Mycetomes present; crop 
expands only slightly between 5 pair of testisacs. Postceca fused with 
fenestrae at ganglia, Vector tissue and accessory gland cells on atrial cornu 
absent. Ventral, dorsal, and lateral coelomic sinuses present. 
External morphology: Body smooth, lacking papillae or tubercles, 
subcylindrical, indistinctly divided into trachelosome and urosome 
(Fig, I), Six annuli per segment, subdivided to 12, Maximum total length 
including suckers 14 mm; maximum width 0.8 mm. Oral sucker up to 
0,5 mm in diameter; caudal sucker up to 1.2 mm in diameter. Pigmentation 
on trachelosome andurosome uniformly yellowish-tan in mature leeches 
with unpigmented mid-dorsal stripe (Fig. I); in immature leeches, 
pigmentation interrupted laterally segmentally, giving appearance of 
transverse bands. Paired punctiform ocelli dorsally and ventrally on 13 
urosome segments and dorsally on second annulus of trachelosome 
(Fig, I), Unpigmented halos surround dorsal ocelli on urosome, but not 
on trachelosome (Fig. I), Pigmentation on oral sucker uniformly 
yellowish-tan, with unpigmented halos around 2 pair of slightly crescenti-
form eyes, and irregular unpigmented areas anterior to first pair of eyes 
(Fig. 2A), Pigmentation on caudal sucker uniformly yellowish-tan with 
unpigmented halos surrounding 14 punctiform ocelli and extending to 
margin of sucker (Fig, 2B), 
Digestive ,ystem: Mouthpore located at center of oral sucker. Proboscis 
extends to ganglion IX. Large mycetomes connected to esophagus at XI 
XI, extending anteriorly to IXIX. Crop expands slightly between testisacs 
in segments XIV through XVII I, Intestine with I pair of large ceca in XIX 
and smaller ceca segmentally until opening into rectum in XXV, Postceca 
fused with fenestrae at each ganglion. 
Reproductive system: Five pair of large spherical testisacs occur 
intersegmentally from XIVIXV through XVIII/XIX, Vasa deferentia run 
anteriorly to XII and expand into thin-walled, convoluted epididimides 
filled with sperm (Fig. 3). Vasa deferentia become thick-walled and 
continue anteriorly to anterior portion of XI, where they turn ventrally 
and enter large atrial cornua on anteroventral surface, No accessory gland 
cells on atrial cornua, Common atrium fuses with very small bursa that 
opens through male gonopore in anterior portion of XII (Fig, 3). Paired 
ovisacs occur in posterior portion of XII and in XIII. Muscular common 
FIGURE 1. Line drawing of Heptacyclus cabrilloi n. sp. (A) Anterior 
one-third, dorsal view. (D) Posterior one third, dorsal view. Scale bar 
1.0 mm. 
oviduct opens through female gonopore in posterior portion of XII. 
Vector tissue and conducting tissue absent. 
Coelomic system: Pulsatile vesicles absent. Ventral, dorsal, and lateral 
sinuses present in urosome segments. The presence of testicular sinuses, 
and segmental or intersegmental connecting sinuses, could not -be 
determined from the material available. 
Taxonomic summary 
Type host: Giant kelpfish, Heterostichus rostratus Girard, 1854. Host 
voucher specimens deposited in the Cabrillo Marine Aquarium (CMA 
2011.07.0018 and CMA 2011.07/0019), San Pedro, California. No other 
known hosts. 
Site of infection: External on body and fins~ , 
Type locality and collection dates: Inner Cabrillo Beach, San Pedro, 
California 33°42'38"N, 118°16'58"W. February, June, and October 2011. 
Prevalence and intensity of infection: June, 2011, 9/42, 21.4%; 1.1, range 
1-2 leeches per host. October 2011, 54/209, 25.8%; 1.5, range 1-6 leeches 
per host. 
Specimens deposited: Polychaete Collection, Natural History Museum 
of Los Angeles County (LACM-AHF POLY), Los Angeles, California. 
Holotype: LACM-AHF POLY XXXXXX, paratype specimens: LACM-
AHF POLY 3131, 3132, paratype serial sections: LACM-AHF POLY 
3133A-3133M. Additional specimens are deposited in the Cabrillo Marine 
Aquarium under numbers CMA 2012.07.0003-0008. 
Etymology: Named for the early Spanish explorer Juan Rodriguez 
Cabrillo, the first European to visit the San Pedro, California area. Many 
local landmarks, including the leech type locality of Cabrillo Beach, bear 
his name. 
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FIGURE 2. Line drawing of Heptacyclus cabrilloi n. sp. suckers. (A) 
Oral sucker, showing eyes. (B) Caudal sucker, showing ocelli. Scale bar = 
0.5mm. 
Remarks 
Heptacyclus cabrilloi is assignable to the genus Heptacyclus because of 
th!! following combination of characters: smooth body lacking papillae, 
tubercles, or pulsatile vesicles; 2 pair of eyes on oral sucker; I pair of eyes 
on second annulus of trachelosome; ocelli on relatively large, eccentrically-
attached caudal sucker; 5 pair of testisacs; atrial cornua lacking accessory 
gland cells; and small bursa. Heptacyclus cabrilloi differs from known 
species of Heptacyclus in the following ways: H. virgatus, H. scorpius, H. 
brunneus, and H. viridus are much larger (24--35 mm) and have dark brown 
or green pigmentation in the form of longitudinal stripes (Vasileyev, 1939; 
Khan and Meyer, 1976; Burreson, 1977; Appy and Dadswell, 1981;); H. 
philothermus has only I pair of eyes on the oral sucker and lacks ocelli on 
A---=~====~~-------
B 
FIGURE 3. Heptacyclus cabrilloi n. sp., terminal portions of male and 
female reproductive systems. (A) Lateral view. (D) Dorsal view. A, atrial 
cornu; E, epididymus; ED, ejaculatory duct; FP, female gonopore, 
MP, male gonopore; 0, ovisac. Roman numerals indicate position of 
respective ganglia. 
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the caudal sucker (Sawyer et a!., 1975); H huthi is smaller «9 mm), has 
brown pigmentation, and parasitizes intertidal fishes (Burreson and 
Kalman, 2006); H huhalis and H yorki are known only from single 
specimens and are not well characterized, but H huhalis lacks ocelli on the 
caudal sucker and has only 4 pair of testisacs, while H yorki lacks 
metameric ocelli on the urosome and also lacks the pair of eyes on the 
second annulus of the trachelsome (Srivastava, 1966); H myoxocephali 
apparently lacks eyes and ocelli, but it was described from preserved 
specimens and eyes and ocelli may have faded (Srivastava, 1966). 
Heptacyclus cahrilloi is most similar to Heptacyclus diminutus from 
Oregon; however, H diminutus has reddish-brown pigmentation, puncti-
form eyes on the oral sucker, and very small testisacs that lie ventral to the 
crop (Burreson, 1977). Heptacyclus cahrilloi also differs from all known 
species by having unpigmented halos around the segmental ocelli on the 
urosome. 
DISCUSSION 
Vasileyev (1939) established Heptacyclus for large marine 
leeches collected in the Bering Sea. The name refers to 7 annuli 
per segment of the type species, H. virgatus. Historically, 
annulation was one of the most important morphological 
characters used in descriptions of new species, especially for 
terrestrial and freshwater forms. However, for leeches in the 
Piscicolidae, annulation is often difficult to discern even after 
careful relaxation and fixation, and other external characters and 
internal anatomy are more useful for determining relationships 
(Williams and Burreson, 2006). For that reason, many species 
legitimately placed in Heptacyclus, based on external and internal 
anatomy, do not have 7 annuli per segment. 
With the exception of H. philothermus, all previously known 
species of Heptacyclus parasitize cottid fishes. Heptacyclus 
philothermus parasitizes a variety of non-cottid fishes in the Gulf 
of Mexico (Sawyer et a!., 1975) and lacks many of the characters 
of typical members of this genus; thus, it likely belongs in another 
genus. Heptacyclus diminutus parasitizes the cottid fish cabezon 
(Scorpaenichthys marmoratus) but also infests black rockfish, 
Sebastes melanops (Scorpaenidae) (Burreson, 1977). The leech 
. , 
H. cabrilloi is known only from giant kelpfish, He. rostratus 
(Clinidae), which it matches closely in golden-yellow pigmenta-
tion. If He. rostratus is the only host, H. cabrilloi would be the 
only valid species in Heptacyclus that does not parasitize a cottid 
host. A cottid host, however, cannot be ruled out until more 
information is obtained on leeches present on local fishes. 
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NEW GENUS OF COSMOCERCIDAE (NEMATODA) AND OTHER HELMINTHS IN HYLARANA 
VOLKERJANE (ANURA: RANIDAE) FROM PAPUA NEW GUINEA 
Charles R. Bursey, Stephen R. Goldberg*, and Fred Kraust 
Department of Biology, Pennsylvania State University, Shenango Campus, Sharon, Pennsylvania 16146. e-mail: Gxb13@psu.edu 
ABSTRACT: Paraplesiohedruris rinse n. gen., n. sp. (Ascaridida; Cosmocercoidae; Cosmocercidae) from the large intestine of Hylarana 
volker jane (Anura; Ranidae) is described and illustrated. The new genus is assigned to the Cosmocercinae of the Cosmocercidae based 
on the presence of an esophagus composed of a short pharynx, cylindrical corpus, isthmus, and valved bulb; on the presence in males of 
paired spicules and numerous caudal papillae; plus the presence in the female of an equatorial vulva, 2 uteri, a short tail, and thin-
shelled eggs, The Cosmocercinae now contains 10 genera. Hylarana volker jane was also found to harbor 6 additional species of 
Nematoda, adults of Aplectana macintoshii, Icosiella papuensis, Meteterakis crombiei, Paracapillaria spratti, Physalopteroides milnensis, 
and larvae of Abbreviata sp., as well as I species of Acanthocephala, Pseudoacanthocephalus bufonis. 
Hylarana volker jane (Gunther, 2003) is known from the Bewani 
and Torricelli Mountains of West Sepik Province, Papua New 
Guinea and from the eastern slopes of the Wondiwoi Mountains, 
East Papua Province, Indonesia (Gunther, 2003; Kraus and 
Allison, 2006), It is a sylvan species found along forested foothill 
streams, usually on the ground but may be found on vegetation 
up to 2 m above ground level (Gunther, 2003; F. Kraus, pers. 
obs.). Additional locality records for H volker jane (as Rana 
volker jane) for Papua New Guinea are presented in Kraus and 
Allison (2006). The call of H volker jane has been studied and 
notes regarding ecology have been published (Gunther, 2003) 
but, to our knowledge, there are no reports of endoparasites for 
H volker jane. The purpose of the present paper is to provide an 
initial helminth list for H volker jane and to describe a new 
nematode genus that we assign to the Cosmocercidae. 
MATERIALS AND METHODS 
Eighteen specimens of Hylarana volker jane collected by one of us (F. K.) 
between 12 and 25 May 2005 in the Torricelli Mountains (3°25'28"S, 
142°31'41"E), West Sepik Province, Papua New Guinea, and accessioned 
in the herpetology collection of the Bernice P. Bishop Museum, Honolulu, 
Hawaii (BPBM 22810--22814, 22816-22828), were examined for hel-
minths. The frogs were field-fixed in 10% formalin and preserved in 70% 
ethanol for storage at BPBM. The body cavity of each frog was opened by 
a longitudinal lateral incision and the gastrointestinal tract removed by 
cutting across the esophagus and rectum. The stomach, small intestine, 
and large intestine were searched separately using a dissecting microscope; 
the coelom was also searched. Helminths, fixed in situ, were cleared iri 
lactophenol on a glass slide and examined using a compound microscope. 
Illustrations were made with the aid of a microprojector. Measurements 
are given in micrometers, unless otherwise stated, as mean ± I SD with 
range in parentheses. Selected specimens were deposited in the United 
States National Parasitic Collection (USNPC, Beltsville, Maryland) and 
Bernice P. Bishop Museum (BPBM, Honolulu, Hawaii). 
.' 
RESULTS 
Nineteen nematodes, 4 males and 15 females, of an undescribed 
cosmocercoid nematode were found in the large intestines of 6 of 
18 (33%) specimens of Hylarana volker jane. In addition, 6 species 
of Nematoda, i.e., mature individuals of Aplectana macintoshii 
(Steward, 1914) Travassos, 1931, Icosiella papuensis Johnston, 
1967, Meteterakis crombiei Bursey, Goldberg and Kraus, 2005, 
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* Department of Biology, Whittier College, Whittier, California 90608. 
tBishop Museum, 1525 Bernice Street, Honolulu, Hawaii 96817. 
DOl: lO.164S/GE-30S2.1 
791 
Paracapillaria spratti (Moravec and Sey, 1986) Moravec, 1990, 
immature individuals of Physalopteroides milnensis Bursey, Gold-
berg and Kraus, 2005, and larvae in cysts of Abbreviata sp., and 1 
species of Acanthocephala, Pseudoacanthocephalus bufonis (Ship-
ley, 1903) Petrochenko, 1958, were found. Numbers of individ-
uals, prevalence, and mean intensity for each helminth species are 
presented in Table I. Description of the new species follows. 
DESCRIPTION 
Paraplesiohedruris n. gen. 
Diagnosis: Cosmocercoidea Railliet, 1916, Cosmocercidae Travassos, 
1925, Cosmocercinae Railliet, 1916. Small nematodes, prominent sexual 
dimorphism; females robust, males slender; females of slightly greater 
length than males. Pseudoannulae present. Cuticle with discontinuous 
microridges which, depending on microscope focus, may appear as 
transverse or longitudinal striations. Narrow lateral alae beginning near 
base of lip, ending at tail in both males and females. Mouth triangular, 
surrounded by 3 lips; dorsal lip with 2 sessile papillae, each sublaterallip 
with I ventrally situated sessile papilla and I laterally situated amphid. 
Esophagus composed of short anterior pharynx, elongate corpus, short 
isthmus, and valved bulb. Excretory pore at level of esophageal bulb. Male 
genital papillae simple, mammiliform, variable in number. Spicule simple, 
gubernaculum present. Sessile somatic papillae present in both males and 
females. Vulva equatorial, viviparous. 
Taxonomic summary , 
Type species: Paraplesiohedruris ranae n. sp. 
Etymology: Generic name, Gr. paraplesios, somewhat like; hedruris, 
nematode genus in which posterior end of female terminates in a sclerified 
hook. 
Paraplesiohedruris ranae n. gen., n. sp. 
(Figs. 1-10) 
Male (based on holotype and 3 paratypes): Length 3.07 ± 0.17 mm (2.88-
3.26 mm), width at midbody 313 ± 48 (281-383). Total length of esophagus 
447 ± 14 (434-459); pharynx 43 ± 5 (37-49) long, esophageal corpus 290 ± 
8 (281-299) long, isthmus 37 ± 5 (31-43) long, bulb 75 ± 3 (73-79) long, 84 
± 3 (79-85) wide. Nerve ring 192 ± 8 (183-201) and excretory pore 402 ± 
47 (344-446) from anterior end. Anus 278 ± 18 (256-299) from posterior 
end. Tail conical. Testis flexed at midbody. Spicules, equal in length, 439 ± 
15 (427-458) long; capitulum with small knob, sharply pointed distal 
extremity; gubernaculum 53 ± 2 (52-55) long, triangular in shape. Caudal 
papillae, mammiliform, variable in number: 18--20 pairs precloacal 
becoming more widely separated anteriorly; 9-10 pairs post-cloacal 
papillae, equidistant from one another along tail filament; I unpaired 
papilla on midline of anterior cloacal lip; plus ventrolateral and dorsal 
lateral rows of somatic papillae, most numerous posteriorly, becoming more 
widely separated anteriorly. Phasmids at midpoint of tail. 
Female (based on allotype and 9 paratypes): Length 3.67 ± 0.27 mm 
(3.26-4.10 mm), width at vulva 499 ± 64 (408-587). Total length of 
esophagus 495 ± 28 (459-536); pharynx 29 ± 4 (24--37) long, esophageal 
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TABLE I. Site of infection, number (n), prevalence, mean intensity, range, and accession number for helminths in Hylarana volker jane from Papua 
New Guinea. 
Mean intensity Accession no. 
Helminth Site of infection n Prevalence as % X ± 1 SD Range USNPC BPBM 
Nematoda 
Aplectana macintoshii Large intestine 15 
Icosiella papuensis Coelom 5 
Meteterakis crombiei Large intestine 22 
Paracapillaria spratti Small intestine 1 
Paraplesiohedruris ranae n. sp. Large intestine 19 
Physalopteroides milnensis Stomach 2 
Abbreviata sp. (larva in cyst) Stomach wall 103 
Ascarididae gen. sp. (third-stage larva) Coelom 1 
Acanthocephala 
Pseudoacanthocephalus bufonis Small intestine 
corpus 314 ± 22 (275-342) long, isthmus 45 ± 7 (37-61) long; bulb 101 ± 
9 (92-113) long, 115 ± 7 (107-128) wide. Nerve ring 206 ± 12 (183-226), 
excretory pore 389 ± 36 (329-427), and vulva 2133 ± 146 (1,920--2,370) 
from anterior end. Vulva nonsalient slit. Muscular ovijector directed 
anteriorly, approximately 600 in length, folding back upon itself at 
midpoint to join 2 uteri near level of vulva. Ovaries begin at midbody and 
reach level of esophageal-intestinal junction before joining oviducts. 
Oviducts reflexed at esophageal-intestinal junction and reach level of 
vulva before joining uterus. Eggs thin-shelled, in various stages of 
development; freed larvae present in uterus, viviparous (Fig. 11). Tail 
conical, terminating in a sc1erotized hook, 220 ± 15 (204-242) in length, 
reflexed upon posterior body. Anus 116 ± 14 (102-140) anterior of base of 
sc1erotized hook. 
Taxonomic summary 
Type host: No common name, Hylarana volker jane (Gunther, 2003). 
Symbiotype, BPBM 22819, collected 20 May 2005. 
Type locality: 3.2 km SSE Mt. Sapau summit, 550 m elevation, 
Torricelli Mountains (3°23'S, 142°31 'E), West Sepik Province, Papua New 
Guinea. 
Site of infection: Large intestine. 
Type specimen: Holotype male, USNPC 105167; allotype female, 
USNPC 105168; paratypes, USNPC 105169; voucher specimens, BPBM 
H43. 
Etymology: The new species is named for the host group (frog); L, rana. 
Remarks 
The new genus is assigned to the Cosmocercinae of the Cosmocercidae 
based on the presence of an esophagus composed of a short pharynx, 
cylindrical corpus, isthmus, and valved bulb; the presence in males of 
paired spicules and numerous caudal papillae; and the presence in the 
female of an equatorial vulva, 2 uteri, a short tail, and thin-shelled 
eggs (see Chabaud, 1978). The Cosmocercinae now contains 10 genera: 
Aplectana Railliet and Henry, 1916 (syn. Aptecta Railliet and Henry, 1916 
[preoccupied]; Neoraillietnema Ballesteros-Marquez, 1945; Neyraplectana 
Ballesteros-Marquez, 1945; Aplecturis Skrjabin, Schikhobalova and 
Mozgovoi, 1951; Neoxysomatoides Yamaguti, 1961; Freitasoxyascaris 
Gomes and Silva Motta, 1967; Stewartia Rao, 1977, Neosomatiana Islam, 
Farooq and Khanum, 1979; Paraplectana Ryzhikoy, Sharplio and 
Shevchenko, 1980; Paraleptonema Wang, 1980); Cosmocerca Diesing, 
1861 (Syn. Anaconus Railliet and Henry, 1916; Nematoxys Schneider, 
1866; Paracosmocerca Kung and Wu, 1945; Parasomatium Islam, Farooq 
and Khanum, 1979); Cosmocercella Steiner, 1924; Cosmocercoides Wilkie, 
1930 (syn; Trionchonema Kreis, 1932); Neocosmocercella Baker and 
Vaucher, 1983; Oxyascaris Travassos, 1920 (syn. Pteroxyascaris Freitas, 
1958; Paraoxyascaris Rodrigues and Rodrigues, 1971); Oxysomatium 
Railliet and Henry, 1916 (syn. Oxysoma Schneider, 1866 [preoccupied]; 
Neoxysomatium Ballesteros-Marquez, 1945); Paradollfusnema Baker, 1982 
(syn. Dollfusnema Baker, 1981 [preoccupied]); Paraplesiohedruris n. gen.; 
33 (6/18) 2.5 ± 2.5 1-7 105170 H428 
11 (2/18) 2.5 ± 0.7 2-3 105171 H429 
22 (4/18) 5.5 ± 9.0 1-19 105172 H430 
6 (1118) 1 105173 
33 (6/18) 3.2 ± 2.3 1-6 105169 H431 
6 (1118) 2 105174 
39 (7/18) 14.7 ± 23.1 1-61 105175 H432 
6 (1118) 1 105176 
6 (1118) 105177 
and Raillietnema Travassos, 1927. Of these, males of Cosmocerca possess 
plectanes; males of Cosmocercoides possess rosette papillae while males of 
Cosmocercella and Neocosmocercella possess vesiculated papillae. Males 
assigned to the other genera possess short, mammiliform papillae. Males 
and females of Paradollfusnema possess interlabia between the cephalic 
lips. Females of Raillietnema have short ovaries and unusually large eggs. 
Species of Aplectana, Oxyascaris, and Oxysomatium are quite similar to 
one another. These 3 genera are distinguished on the basis of uterus and 
ovary positions. In Aplectana, although 1 uterus extends anterior to the 
vulva, both ovaries are anterior to the vulva; in Oxysomatium, the ovary 
connected to the anterior uterus (which lies anterior to the vulva) is 
posterior to the vulva; and in Oxyascaris and Paraplesiohedruris, both 
uteri lie posterior to the vulva. However, only in Paraplesiohedruris does 
the tail of the female form a sc1erified hook. 
To our knowledge, a posterior sc1erified hook was previously known 
only in Hedruris Nitzsch, 1821 (Spirurida; Habronematoidea; Hedrur-
idae). We know from previous work that the hook (holdfast) of Hedruris is 
used to maintain position within the stomach of the host (Bursey and 
Goldberg, 2007). Further work will be necessary to determine if the hook 
of P. ranae represents an example of convergent evolution in that the hook 
is indeed a holdfast. 
DISCUSSION 
Goldberg et aI. (2009a) reported 28 species of helminths 
harbored by 16 species of Papua New Guinean ranid frogs. Each 
of the helminth species found in this study, with the exception of 
Physalopteroides milnensis, was mentioned in the Goldberg et aI. 
(2009a) report. Hylarana volker jane is a new addition to the list of 
Papua New Guinean ranid frogs studied and represents a new 
host record for each of the helminths found in this study. 
Aplectana macintoshii is the most widely distributed member of 
the genus and is known from Africa, Europe, southeast Asia, 
Japan, and South America; hosts are summarized in McAllister 
et aI. (2010). It was originally described as Oxysoma macintoshii 
from specimens taken from Rana tigrina (currently Hoplobatrachus 
tigerinus) and Bufo stomaticus (currently Duttaphrynus stomaticus) 
collected in India by Stewart (1914) and was reassigned to 
Aplectana by Travassos (1931). Icosiella papuensis was described 
from Platymantis papuensis from Papua New Guinea by Johnston 
(1967). It has been reported in Hylarana supragrisea (as Sylvirana 
supragrisea) (Bursey et aI., 2008), Platymantis nexipus (Bursey et al., 
2009), and Hylarana milneana (as Rana milneana), Litoria 
wollastoni and Litoria pulchra (as Nyctimystes pulcher) (Goldberg 
et aI, 2009b), all from Papua New Guinea. Meteterakis crombiei 
1 
7 ~ 
§. 
o 
o 
II'l 
2 
S 
:::1. 
0 
0 
N 
§. 
o 
o 
II'l 
9 
, 
I 0 
• 
• 
0 
0 
0 
0 
BURSEY ET AL.-NEW GENUS OF COSMOCERCIDAE 793 
3 ~I 
~I 
4 
:1 
s 
:::1. 
0 
5 II'l 
" 
I 
, I 
" 
I 
I I I I 0 0 0 .. I 0 .. • I 1 I I 0 o • 0 .. 
\ " 0 .. : » I 0 
o ) 0 o » I 
0 o > 
o ) 0 : ) I 
0 
o ) 
0) 
) 
H 10 n 
FIGURES 1-10. Paraplesiohedruris ranae n. gen, n. sp. (1) Female, entire, lateral view. (2) Male, entire, lateral view. (3) Female, anterior end, en face 
view. (4) Female, dorsal view. (5) Egg, late cleavage. (6) Larva (from uterus). (7) Female, posterior end, ventral view. (8) Male, gubernaculum and 
spicules. (9) Male, posterior end, lateral view (diagrammatic). (10) Male, posterior end, ventral view (diagrammatic). 
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FIGURE 11. Paraplesiohedruris ranae n. gen, n. sp. (11) Female, 
posterior end, lateral view, sclerotized hook and hatched larvae. 
was described from a skink, Sphenomorphus jobiensis, from Papua 
New Guinea by Bursey et a!. (2005) and has been reported from 
a large number of Papua New Guinean frogs and lizards (see 
Goldberg et a!., 2009a, 2010 for hosts). Paracapillaria spratti was 
described from the microhylid frog Phrynomantis stictogaster 
(currently Callulops stictogaster) from Papua New Guinea by 
Moravec and Sey (1986). It has been reported from Callulops 
humicola (as Phrynomantis humicola) (Moravec, 1990), Hylarana 
supragrisea (as Sylvirana supragrisea) (Bursey et a!., 2008), and 
Austrochaperina palmi pes, Cophixalus cheesmanae, and Platymantis 
schmidti (Goldberg et a!., 2009c). Physalopteroides milnensis was 
described from specimens taken from Sphenomorphus jobiensis 
collected in Papua New Guinea (Bursey et a!., 2005) and is known 
from 5 frog species and 18 lizard species, all from Papua New 
Guinea (Goldberg et aI, 2009a, 2010). Cysts containing larvae of 
Abbreviata sp. are frequently found in the stomach wall, and cysts 
containing ascarid larvae are often found in the coelom of Papua 
New Guinean frogs (Goldberg et a!., 2009b). Species of Abbreviata 
require an insect intermediate host and many ascarids utilize 
terrestrial invertebrates (Anderson, 2000); thus, prevalence may 
reflect the number of infected intermediate hosts eaten. Roca 
(1993) suggested that prevalence of encysted juvenile nematodes in 
a host species may indicate the degree of importance of that host 
species as a transport host. Pseudoacanthocephalus bufonis was 
originally described as Echinorhynchis bufonis from individuals 
taken from Bufo melanostictus (currently Duttaphrynus melano-
stictus) collected in Thailand (Shipley, 1903); host list in Bursey 
et a!. (2009). 
. ' 
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HELMINTHS OF CNEMIDOPHORUS RUTHVENI (SQUAMATA: TEIIDAE) FROM BONAIRE, 
NETHERLANDS ANTILLES, WITH DESCRIPTION OF A NEW SPECIES OF ALAEURIS 
(NEMATODA: PHARVNGODONIDAE) 
Charles R. Bursey, Stephen R. Goldberg*, and Laurie J. Vittt 
Department of Biology, Pennsylvania State University, Shenango Campus, 147 Shenango Avenue, Sharon, Pennsylvania 16146. e-mail: Gxb13@ 
psu.edu 
ABSTRACT: Alaeuris rinconensis n. sp. (Oxyuroidea, Pharyngodonidae) from the large intestine of the Bonaire whiptail lizard, 
Cnemidophorus ruthveni, is described and illustrated. Alaeuris rinconensis n. sp. represents the 13th Neotropical species assigned to the 
genus. It is most similar to Alaeuris iguanae in that only these 2 Neotropical species have postbulbar excretory pores; in A. iguanae, a 
tail filament is absent; in A. rinconensis, a tail filament is present. Two additional helminth species were found, i.e., the cestode 
Oochoristica iguanae and a nematode, Ozolaimus megatyphlon. Cnemidoporus ruthveni represents a new host record for the latter 2 
species. 
During necropsy of 7 teiid lizards collected 4 March 2001 on 
Bonaire, Netherlands Antilles, all were found to harbor 
nematodes of an undescribed species of Alaeuris Thapar, 
1925. The Bonaire whiptail lizard, Cnemidophorus ruthveni 
Burt, 1935, is a medium-sized, herbivorous reptile endemic to 
the islands of Bonaire and Klein Bonaire in the Netherlands 
Antilles (Burt, 1931, 1935; Lammeree, 1970). It was originally 
described as Cnemidophorus murinus ruthveni but was raised to 
species status by Ugueto and Harvey (2010). To our knowledge, 
there are no reports of helminths from C. ruthveni. However, 
there is a previous survey of helminth parasites for C. murinus 
collected on the adjacent island of Curacao, where Specian and 
Whittaker (1980) reported 2 species of nematodes, Physaloptera 
retusa and a Pharyngodon sp. Species of Alaeuris are known 
only from reptiles (Table I). The purpose of the present paper is 
to describe a new species of nematode, which we have assigned 
to Alaeuris, and to establish the initial helminth list for C. 
ruthveni. 
MATERIALS AND METHODS 
Seven individuals of C. ruthveni collected in the village of Rincon, 
Bonaire, Netherlands Antilles, March 2001 (6 males, I female, snout-
vent length 117 ± 9 mm, range 97-127 mm) were borrowed from the 
Department of Herpetology, Sam Noble Museum of Natural History 
(OMNH 39615-39622), University of Oklahoma, Norman, Oklahbma 
and examined for helminths. The body cavity was opened by a: 
longitudinal incision from throat to vent and the digestive tract 
removed and opened. The esophagus, stomach, and small and large 
intestines were examined for helminths using a dissecting microscope. 
Nematodes were placed on a glass slide in a drop of glycerol, a coverslip 
was added, and identification was made from these temporary wet 
mounts. Cestodes were regressively stained in Delafield's hematoxylin, 
mounted singly on glass slides in neutral ealsam, and examined using 
light microscopy. Drawings were made with the aid of a microprojector. 
Measurements are given in micrometers unless otherwise stated with 
mean ± I SD and range in parentheses. Voucher helminths were 
deposited in the United States National Parasite Collection (USNPC), 
Beltsville, Maryland. Taxonomic assignment of new nematode species is 
based upon the keys developed by Chabaud (1974) and Petter and 
Quentin (1976). 
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RESULTS 
Seven of 7 specimens (100%) were found to harbor a total of 
1,928 nematodes assignable to Alaeuris but unlike any current 
species. In addition, 7 specimens harbored a total of 160 
Ozolaimus megatyphlon (Rudolphi, 1819) Dujardin, 1845, and 3 
specimens each harbored 1 Oochoristica iguanae Bursey and 
Goldberg, 1996. Prevalence and intensity are given in Table II. 
(Accession numbers: Oochoristica iguanae, USNPC 104953, 
104954; Ozolaimus megatyphlon, USNPC 104955, 104956). 
DESCRIPTION 
Alaeur;s rinconensis n. sp. 
(Figs 1-10) 
General: Oxyuroidea Railliet, 1916: Pharyngodonidae Travassos, 1919, 
Alaeuris Thapar, 1925. Small, white, stout nematodes; body fusiform. 
Cuticle with annulations beginning just behind lips and continuing to 
posterior end. Moderate sexual dimorphism, males one-half length of 
females. Esophagus cylindrical, ending in valved bulb. Excretory system 
X-shaped with distinct sinus. Nerve ring in anterior region of esophagus; 
excretory pore posterior to esophagus in both males and females. Males 
with lateral alae expanded to form semicircular posterior lobes; females 
lack lateral alae. 
Male (holotype and 11 paratypes): Length of body excluding tail, 1,628 
± 91 (1,454-1,734), width at level of excretory pore 197 ± 8 (179-204). 
Posteriorly directed tail, narrow, cylindrical, with terminal filament 89 ± 7 
(79-104) in length. Lateral alae, approximately 10 in width, arise at level 
of esophageal bulb and extend to caudal alae. Caudal alae somewhat 
semicircular lobes, 181 ± 28 (140-214) long by 100 ± 11 (90-122) wide, 
terminate at base of tail. Mouth opening triangular, papillae not seen; 
amphid at lateral aspect of mouth opening; buccal cavity apparently 
absent. Length of esophagus including bulb, 626 ± 19 (599-663); corpus 
523 ± 21 (489-565) long, 34 ± 2 (31-40) wide throughout; isthmus 17 ± 3 
(13-21) long; bulb 103 ± 6 (92-110) long, 105 ± 5 (95-110) wide. Nerve 
ring"147 ± 6 (140-159) and excretory pore 809 ± 58 (740-918) from 
anterior end, respectively. Spicule 116 ± 6 (104-122) long; gubernaculum 
24 ± 2 (21-27) long. Three pairs of caudal papillae, each papilla 
terminates in rosette; 1 pair precloacal, 1 pair postcloaca1, 1 pair on tail 47 
± 4 (43-55) from posterior end of tail filament. Alae absent between 
postcloacal papillae and terminal tail papillae. Posterior lip of cloaca 
protrudes as conical, truncate hood. Tail parallel to caudal alae, but not 
attached to alae. Posterior edge of caudal alae reaches level of third pair of 
caudal papillae; thus, tail spike not contained within caudal alae. 
Female (allotype and 11 para types, all gravid): Length 2,960 ± 155 
(2,688-3,236), width at level of vulva 340 ± 29 (293-383). Mouth opening 
triangular to almost circular, surrounded by circumoral ridge of 6 lip-like 
lobes (papillae); amphid at base of dorso-Iateral lobes. Buccal cavity, 
approximately 10 deep, with 3 flat, plate-like structures. Length of 
esophagus including bulb, 934 ± 48 (842-995): corpus 737 ± 41 (663-791) 
long, 35 ± 7 (26-43) wide throughout; isthmus 46 ± 5 (35-52) long; bulb 
143 ± 14 (128-171) long, 162 ± 11 (140-177) wide. Intestine enlarged 
TABLE I. Selected characteristics of male individuals from species of Alaeuris. " ill rn 
..., 
Spicule (~m), Mouth shape Excretory I m 
Biogeographical region Type host* distal end Papillaet pore filament Tail Reference '-0 
Alaeuris sp. 
c 
J:J 
z 
Australian realm » r 
Alaeuris brachylophi Brachylophus fasciatus (L) 600, sharp 2-2-2-2 Not stated Prebulbar Absent Johnston and Mawson, 1944 0 ." 
'1J 
Ethiopian realm » J:J 
» 
Alaeuris conspicua Psammobates tentoria (T) 1,000-1,270, sharp 2-0-2-2 Triangular Postbulbar 30 Ortlepp, 1933 (fJ 
=i 
Alaeuris dupuisi Pyxis arachnoides (T) 95, sharp 2-0-2-2 Hexagonal Postbulbar 60 Petter, 1966 0 r 
Alaeuris numidica P. arachnoides (T) 80, sharp 4-0-2-4 Hexagonal Postbulbar 15-35 Petter, 1966 0 Gl 
madagascariensis .-< 
Alaeuris poweri P. tentoria (T) 225-270, sharp 2-0-2-1 Triangular Prebulbar Absent Ortlepp, 1933 < 0 
Alaeuris quadrilabiata P. tentoria (T) 215-225, sharp 2-0-2-2 Subtriangular Bulbar 20 Ortlepp, 1933 r 
ill 
quadrilabiata .0' 
Alaeuris quadrilabiata insularis P. arachnoides (T) 90, sharp 2-0-2-2 Hexagonal Bulbar 35 Petter, 1966 z 0 
Nearctic realm .'" 
» 
Alaeuris brevicollis Gopherus polyphemus (T) Males unknown Walton, 1927 c Gl 
Alaeuris caballeroi G. flavomarginatus (T) 500-600, boss 2-4-2-4 Triangular Bulbar 70 Petter and Douglass, 1976 c (fJ 
Alaeuris clementensis Klauberina riversiana (L) 37-55, blunt 2-2-0-2 Not stated Postbulbar 4 Telford, 1965 ..., 
I\) 
Alaeuris gopheri gopheri G. flavomarginatus (T) 300, sharp 2-2-0-3 Triangular Postbulbar 50-55 Petter and Douglass, 1976 0 
Alaeuris gopheri macrolabiata G. polyphemus (T) 270, sharp 2-2-0-3 Triangular Postbulbar 75 Petter and Douglass, 1976 I\) 
A laeuris gopheri pudica Gopherus agassizii (T) 300, sharp 2-2-0-3 Triangular Postbulbar 90 Petter and Douglass, 1976 
Alaeuris kinsellai kinsellai G. flavomarginatus (T) 440-450, blunt 2-2-0-4 Hexagonal Postbulbar Absent Petter and Douglass, 1976 
Alaeuris kinsellai sonorae G. aga,sizii (T) 350, blunt 2-2-0-4 Hexagonal Postbulbar 60 Petter and Douglass, 1976 
Alaeuris longicollis G. polyphemus (T) 360-625, sharp 2-6-6-4 Triangular Prebulbar 42 Walton, 1927 
Alaeuris mazzottii G. flavomarginatus (T) 170-180, sharp 2-0-2- -4 Triangular Postbulbar 50 Petter and Douglass, 1976 
Alaeuris paramazzottii G. polyphemus (T) 330-350, sharp 2-0-2- -4 Hexagonal Postbulbar 90-105 Petter and Douglass, 1976 
Alaeuris priapus Sauromalus obesus (L) 2,000-2,475, sharp 2-2-0- -4 Not stated Postbulbar Absent Telford, 1965 
Alaeuris riversianae K. riversiana (L) 110-200, sharp 4-2-0-0 Not stated Postbulbar 20 Telford, 1965 
Alaeuris sauromali S. obesus (L) 1,000-2,000, sharp 2-4-0-2 Not stated Bulbar Absent Telford, 1965 
Alaeuris travassosi Chamaeleolis chamaeleoides (L) 400, sharp 2-0-2-2 Circular Postbulbar Vigueras, 1938 
Alaeuris venustus G. polyphemus (T) 300-350, sharp 6-4-0-12 Triangular Bulbar 24 Walton, 1927 
Alaeuris yumanae yumanae Dipsosaurus dorsalis (L) 770-890, sharp 2-0-2-4 Triangular Prebulbar Absent Edgerly, 1952 
Alaeuris yumanae brevispicula S. obesus (L) 189-236, blunt 2-2-0-4 Not stated Bulbar Absent Telford, 1965 
Neotropical realm 
Alaeuris auricularis Testudo sp. (T) 150-159, sharp 2-0-0-2 Triangular Prebulbar 31-32 Walton, 1942 
Alaeuris caudatus Iguana iguana (L) 80-88, sharp 2-0-2-4 Triangular Bulbar 20 Lent and Freitas, 1948 
Alaeuris conolophi Conolophus subcristatus (L) 384-480, sharp 2-2-0-2 Triangular Prebulbar Absent Cuckler, 1938 
Alaeuris galapagensis C. subcristatus (L) 415-589, sharp 4-2-0-2 Triangular Prebulbar Absent Cuckler, 1938 
Alaeuris hirsutus l. iguana (L) 1,220-1,450, sharp 4-0-2-2 Triangular Not stated Absent Sandground, 1929 
Alaeuris iguanae l. iguana (L) 145, sharp 2-2-2-2 Triangular Postbulbar Absent Thapar, 1925 
Alaeuris labicula C. subcristatus (L) 689-792, sharp 2-0-2-2 Triangular Prebulbar Absent Cuckler, 1938 
Alaeuris longispicula C. subcristatus (L) 1,360-1,580, sharp 4-2-0-2 Triangular Prebulbar Absent Cuckler, 1938 
Alaeuris macroptera Testudo sp. (T) 100-130, sharp 2-0-2-2 Triangular Bulbar 12-13 Walton, 1942 
Alaeuris mexicana Ctenosaura pectinata (L) 228-233, sharp 2-0-2-4 Oval Prebulbar Absent Moravec et a!., 1996 
(Table 1 continued) 
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TABLE II. Number, prevalence, mean intensity, and range for helminths in 
Cnemidophorus ruthveni from Rincon, Bonaire, Netherlands Antilles. 
Prevalence 
Species n (%) Mean ± I SD Range 
Oochoristica iguanae 3 317 (43) 
Alaeuris rinconensis n. sp. 1,928 717 (100) 275.4 ± 116.4 135-475 
Ozolaimus megatyphlon 160 717 (100) 23.9 ± 18.7 3-54 
anteriorly, equal in diameter to, or larger than, esophageal bulb, 
decreasing in diameter posteriorly and remaining at constant diameter 
to anus. Nerve ring 167 ± 10 (153-189), excretory pore 1,121 ± 85 (1,020-
1,275), and vulva, 1,698 ± 128 (1,454-1,862) long from anterior end, 
respectively. Both excretory pore and vulva salient; vulva post-equatorial. 
Ovijector extending dorsally, bending posteriorly to join 2 uteri which 
continue posteriorly, then bend back over themselves to course anteriorly. 
Eggs occur anteriorly and posteriorly of ovijector. Eggs oval, 101 ± 3 (95-
104) long, 48 ± 3 (43-52) wide. Egg shell punctuate, approximately 5 in 
thickness. Tail conical, sharply pointed, 173 ± 11 (153-189), slightly offset 
from body at level of anus. 
Taxonomic summary 
Type host: Cnemidophorus ruthveni Burt, 1935, no common name. 
Symbiotype OMNH 39615 collected 4 March 2001. 
Type locality: Village of Rincon, Bonaire, Netherlands Antilles. 
Site of infection: Large intestine. 
Type specimens: Holotype male, USNPC 104957; allotype female, 
USNPC 104958; paratypes, II male, 11 females, USNPC 104959; voucher 
specimens, USNPC 104960. 
Etymology: The new species is named in reference to its collection locality. 
Remarks 
The presence of an esophagus with prominent posterior bulb with valve, 
X-shaped excretory system with sinus, males with single spicule and 
reduced number of caudal papillae, and females with conical tail allow the 
assignment of the new species to Oxyuroidea. A reptilian host allows 
assignment to the Pharyngodonidae and females with post-equatorial 
vulva, males with posterior cloacal lip prolonged and supported by 
accessory piece, and mouth with 3 lips allows assignment to Alaeuris. 
Species of Alaeuris are parasites of tortoises and lizards (Table I). The 
genus was erected by Thapar (1925) with Alaeuris alaeuris from Testudo 
ibera as the type species. In a study of tortoise parasites, Petter (1966) 
synonymized Thelandros numidica (Seurat, 1918) with Alaeuris alaeuris 
and Alaeuris forcipiformis Forstner, 1960, and the type species became 
Alaeuris numidica (Seurat, 1918) Petter, 1966. Petter (1966) also identified 
2 subspecies, Alaeuris numidica numidica and Alaeuris numidica madagas-
cariensis; Zapatero et al. (1999) described a third subspecies, Alaeuris 
numidica canariensis. Currently, 36 species, 4 species of which are 
separated into 12 subspecies, are assigned to Alaeuris (Table I). 
Thirteen species of Alaeuris are currently known from the Neotropical 
Region, namely, Alaeuris auricularis, Alaeuris caudatus, Alaeuris con-
olophi, Alaeuris galapagensis, Alaeuris hisrutus, A. iguanae, Alaeuris 
labicula, Alaeuris longispicula, Alaeuris macroptera, Alaeuris mexicana, 
Alaeuris pharyngodentata, A. rinconensis n. sp., and Alaeuris vogelsangi 
(Table I). Of these, A. auricularis, A. conolophi, A. galapagensis, A. 
labicula, A. longispicula, A. mexicana, and A. pharyngodentata have a 
prebulbar excretory pore; in A. caudatus, A. macroptera, and A. 
vogelsangi, the excretory pore is bulbar in position. Of the Neotropical 
species, only A. iguanae is described as having a postbulbar excretory pore; 
the position of the excretory pore in A. hisrutus was not determined. In 
both A. iguanae and A. hisrutus, a tail filament is absent; A. rinconensis has 
a postbulbar excretory pore and a tail filament is present. 
DISCUSSION 
Four species of Ozolamius are currently known, all from the 
Neotropical Region and all parasites of lizards, namely Ozolamius 
798 THE JOURNAL OF PARASITOLOGY, VOL, 98, NO, 4, AUGUST 2012 
E 
::::J.. 
0 
LO 
E 2 
::::J.. 
0 
0 
0 iI ~ 4 
E 
::::J.. 
0 
0 
0 
~ 
1 
~I ~I . ' 8 
3 
5 
7 
10 
E 
::::J.. 
0 
LO 
~I 
E 
::::J.. 
o 
o 
~ 
E 
::::J.. 
0 
LO 
FIGURES 1-10. Alaeuris rinconensis n. sp. (1) Female, entire, lateral view. (2) Female, en face view. (3) Female, anterior end, lateral view. (4) Male, en 
face view. (5) Male, anterior end, lateral view. (6) Male, entire, lateral view. (7) Egg. (8) Spicule. (9) Male, posterior end, lateral view. (10) Male, posterior 
end, ventral view. 
cirratus, Ozolamius ctenosauri, 0. megatyphlon, and Ozolamius 
monhystera (Moravec et aI., 1996). These species are separated 
based on the morphology of the esophagus; 0. ctenosauri and 0. 
monhystera possess a cylindrical esophagus, while the esophagus 
of 0. cirratus and 0. megatyphlon has an anterior swelling. The 
latter 2 species are separated by spicule length, approximately 
2 mm in O. cirratus and approximately 1 mm in 0. megatyphlon. 
We have assigned our specimens to 0. megatyphlon based upon 
the presence of an anterior esophageal swelling and the spicule 
length. 
Fifteen species of Oochoristica are currently known from the 
Neotropical Region, namely, Oochoristica acapulcoensis, Oochor-
istica ameivae, Oochoristica bresslaui, Oochoristica freitasi, 00-
choristica guanacastensis, Oochoristica gymnophthalmicola, 00-
choristica iguanae, Oochoristica leonregagnonae, Oochoristica 
insulaemargaritae, Oochoristica maccoyi, Oochoristica noronhae, 
Oochoristica parvula, Oochoristica travassosi, Oochoristica vanzo-
lin ii, and Oochoristica whitfieldi (Bursey et aI., 2010). Of these, 0. 
acapulcoensis, 0. ameivae, 0. bresslaui, 0. guanacastensis, 0. 
gymnophthalmicola, 0. noronhae, 0. parvula, and O. vanzolinii 
have circular suckers; the suckers of 0. freitasi, O. iguanae, 0. 
insulaemargaritae, 0. leonregagnonae, 0. maccoyi, 0. travassosi, 
and 0. whitfieldi are oval in shape. Of the latter group, O. freitasi, 
0. insulaemargaritae, and O. leonregagnonae have more than 40 
testes per proglottid; 0. maccoyi has less than 20 testes per 
proglottid; the number of testes per proglottid for 0. iguanae, 0. 
travassosi, and 0. whitfieldi is between 20 and 40. Sucker 
measurements for 0. iguanae average less than 100 X 70; sucker 
measurements for 0. travassosi and 0. whitfieldi average greater 
than 150 X 110. We have assigned our specimens to O. iguanae 
because they possess oval suckers less than 100 X 70 and average 
30 testes per proglottid. A single host species was previously 
known for 0. iguanae; Lopez-Neyra and Diaz-Ungria (1957) 
reported Iguana iguana collected on Margarita Island, Venezuela 
to harbor Oochoristica agamae, which was renamed O. iguanae by 
Bursey and Goldberg (1996). 
The initial helminth list for Cnemidophorus ruthveni includes I 
cestode, Oochoristica iguanae, and 2 nematodes, Alaeuris rinco-
nensis n. sp. and Ozolaimus megatyphlon. Similarly, C. ruthveni 
represents the second host record for Oochoristica iguanae and a 
new host record for Ozolaimus megatyphlon. . 
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A NEW HELIGMONELLID (NEMATODA: HELIGMONELLIDAE) FROM OECOMYS MAMORAE 
(RODENTIA: SIGMODONTINAE) IN THE PANTANAL AND NEW DATA ON THE SYNLOPHE 
OF GUERREROSTRONGYLUS ZETTA FROM THE ATLANTIC FOREST, BRAZIL 
Raquel de Oliveira Simoes, Michele Maria dos Santos, and Arnaldo Maldonado, Jr.* 
Laboratorio de Biologia e Parasitologia de Mamfferos Silvestres Reservatorios, Instituto Oswaldo Cruz-FIOCRUZ, Avenida Brasil, 4365, 21040-
900, Rio de Janeiro, RJ, Brazil. e-mail: maldonad@ioc.fiocruz.br 
ABSTRACT: A new species of Heligmonellidae nematode, Guerrerostrongylus gomesae n. sp" is described from specimens collected 
from the small intestine of the rodent Oecomys mamorae Thomas, 1906 in the Brazilian Pantanal. It differs from the 2 other species of 
the genus by the number of ridges in the synlophe 35-46 and 40-48 at the midbody in the male and female, respectively, by rays 8 
arising at midlength of the dorsal trunk, ending near the margin of the caudal bursa, and the dorsal ray divided at the second-third part 
into 2 branches, each branch divided into 2 subequal subbranches. In addition, specimens of Guerrerostrongylus zetta Travassos, 1937 
collected in Oligoryzomys nigripes Olfers, 1818 contain synlophe with 36-42 cuticular ridges in males and 38-42 in females at the 
midbody. By the characteristics of the synlophe and caudal bursa, Gerrerostrongylus gomesae n. sp. is considered a new species. We 
suggest that the number of cuticular ridges for this genus broadens the range of the cuticular ridges to at least 35 at midbody. 
The helminth inventory from Brazilian rodents has been part of 
an initiative to enlarge knowledge of the diversity of parasites 
affecting small mammals and the importance of these mammals 
as zoonotic reservoirs, Guerrerostongylus Sutton and Durette-
Desset, 1991 is at present composed of 2 species, Guerrero-
strongylus uruguayensis Sutton and Durette-Desset, 1991 and 
Guerrerostrongylus zetta Travassos, 1937. Both are parasites of 
rodents of the Sigmodontinae (Digiani et aL, 2007) and 
caviomorphs (Magalhiies et aL, 1982), 
Here we describe a new species of Guerrerostrongylus (Tricho-
strongylina: Nippostrongylinae), found parasitizing Oecomys 
mamorae Thomas, 1906 in the Brazilian Pantanal, Mato Grosso 
do SuI State and illustrate the synlophe of G. zetta found in 
Oligoryzomys nigripes Olfers, 1818 from the Atlantic Coastal 
Forest in Rio de Janeiro State, BraziL 
MATERIALS AND METHODS 
The 0. mamorae specimens were trapped at the Rio Negro Farm, located 
in the municipality of Aquidauana (19°34'54"S, 56°14'62"W), Mato Grosso 
do SuI, in February 2002 and the specimens of Oligoryzomys nigripes were 
trapped during August 2004 in the municipality of Teresopolis (22°24'36"S; 
42°58'48"W), in the Atlantic Coastal Forest, Rio de Janeiro State, using a 
Tomahawk® trap (Model 201; 40.6 X 12.7 X 12,7 cm) and a Sherman® trap 
(Model XLK; 7.6 X 9.5 X 30.5 cm), Collection permits for rodents were 
issued by the Brazilian Environmental Institute (IBAMA, CGFAU 0091 
2002, and IBAMA No. 01212004). The rodents were killed in a CO2 
chamber and necropsied. The nematodes were collected from the small 
intestines of 10 0. mamorae and 14 0. nigripes specimens. The worms were 
washed briefly in a 0.85% NaCl solution and fixed in hot AFA (2% acetic 
acid, 3% formaldehyde, and 95% ethanol) and further clarified in 
lactophenol. Drawings were made with the aid of a camera lucida attached 
to a Zeiss standard microscope. All measurements are in micrometers or 
marked for holotype and allotype specimens, followed by range for 
paratypes in parentheses and mean in brackets. The synlophe description 
follows Durette-Desset (1985) and Durette-Desset and Digiani (2005), and 
the terminology of the caudal bursa follows Durette-Desset and Chabaud 
(1981). The total number of ridges (dorsal/ventral) was given. Specimens of 
G. zetta (synonyms Longistriata zetta; Hassalstrongylus zetta) from 
Collection Helminthological Instituto Oswaldo Cruz (paratypes CHIOC 
No. 7447) collected by Travassos in Nectomys squamipes Brants, 1827 were 
examined, and transverse sections of the body were made at the midbody of 
I male and 1 female, The Guerrerostrongylus gomesae n. sp. types (holotype, 
Received 28 June 2011; revised 9 March 2012, 28 March 2012; accepted 2 
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allotype, and paratypes) were deposited in the CHIOC. Host nomenclature 
follows Musser and Carleton (2005). 
DESCRIPTION 
Guerrerostrongylus zetta (Travassos, 1937) Sutton & Durette-
Desset, 1991, Syn. Longistriata zetta Travassos, 1937; 
Hassalstrongylus zetta Durette-Desset, 1971 
(Figs. 1-11) 
Synlophe (studied in 2 males and 2 females specimens collected in 
0, nigripes): In both sexes, cuticule bearing longitudinal, uninterrupted 
ridges appearing posterior to cephalic vesicle and ending just anterior to 
caudal bursa in males, reaching posterior extremity in females. Number of 
ridges: 24-41 in males and 35-38 in females at level of esophagus-intestinal 
junction (Figs. 2, 3); 36-42 in males and 38-42 in females at the midbody 
(Figs. 4, 5); 30-34 in males and 41-48 (Figs, 6, 7) in females at the posterior 
~nd. The synlophe orientation is according to the genus. 
. Synlophe (studied in 1 male and 1 female specimen CHIOC No. 7447): 
Number of ridges: 37 in males and 53 females at midbody (Figs. 8, 9). Ridges 
of right quadrant small in size, slightly inclined from right to left in both sides; 
those on left are perpendicular to body surface in males and females. 
Male (10 paratypes collected in O. nigripes): 4.9 (4,28-6.90 [5.20]) mm 
long and 10 (8-18 [12])mm wide, n = 10, Cephalic vesicle 73 (40-73 [47]) long 
and 56 (20-56 [41]) wide, n = 10. Nerve ring and excretory pore situated at 70 
(70-233), n = 2 and 29~ (229-633 [3,350]), n = 6, from apex, respectively. 
Esophagus 375 (340-716 [449]) long, n = 10. Caudal bursa asymmetric with 
right lobe more developed, rectangular in shape (Fig. 10). Rays 4 and 5 joined 
at two-thirds oflength, divergent at extremities, rays 4 curved forward. Rays 
6 long and separated at base of lateral trunk reaching edge of caudal bursa. 
Rays 8 arising at proximal third of dorsal trunk. Dorsal ray divided at 
second-third part into 2 branches, each branch divided into 2 subequal 
subbranches: rays 9 external slightly longer than rays 10 internal. Genital 
cone 60 (40-70 [56]) long and 30 (20-66 [34]) wide, n = 10. Spicules filiform, 
equal, and long 580 (580-1,160 [995]). Gubernaculum 23 (21-47 [35]) long 
and 10 (10-20 [916]) wide, n = 10 at base in ventral view. 
Female (10 paratypes collected in O. nigripes): 8.49 (5.06-12,67 [8.41]) 
mm long and 13 (10-32 [20]) wide, n = 10. Cephalic vesicle 50 (40-74 [54]) 
long and 40 (36-67 [41]) wide, n = 10. Nerve ring and excretory pore situated 
at 150 (100-250 [362]), n = 3 and 262 [221-402 (318)], n = 7 from apex, 
respectively. Esophagus 300 [292-437 [362]) long, n = 10 (Fig. 1). Mono-
delphic vulva situated at 112 (105-233 [163]) from caudal extremity, vagina 
vera 27 (23-60 [41]), vestibule 207 (170-230 [198]) long, n = 10. Sphincter 50 
(50-60 [53]) long and 33 (33-63 [49]) wide, n = 10, infundibulum 167 (150-
340 [191]) long, n = 9 long. Uterus 1.850 (1.350-2.540 [2.033]) long, n = 10. 
Egg 61 (60-70 [70]) long and 30 (30-40 [40]) wide, n = 10. Tail conical, folded 
dorsoventrally 57 (43-97 [62]) long, n = 10 (Fig. 11). 
Taxonomic summary 
Host: Oligoryzomys nigripes Olfers, 1818 (Rodentia: Sigmodontinae), 
Site of infection: Small intestine. 
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FIGURES 1-11. Guerrerostrongylus zetta. (1) Anterior extremity, lateral view, male. Scale bar: 100 J.Ull. (2) Transverse section of body, at anterior 
extremity, male. Scale bar: 50 !lm. (3) Transverse section of body, at anterior extremity, female. Scale bar: 50 !lm. (4) Transverse section of body, at 
midbody, male. Scale bar: 50 J.Ull. (5) Transverse section of body, at midbody, female. Scale bar: 50 J.Ull. (6) Transverse section of body, male, just anterior 
to caudal bursa. Scale bar: 50 J.Ull. (7) Transverse section of body, female, just anterior to vulva. Scale bar: 50 J.Ull. (8) Transverse section of body, at 
midbody, male. Scale bar: 100 J.Ull. (9) Transverse section of body, at midbody, female. Scale bar: 100 J.Ull. (10) Male, ventral view. Scale bar: 100 J.Ull. (11) 
Female, posterior extremity, lateral view. Scale bar: 100 !lm. 
Type locality: Serra dos Orgaos, Teres6polis (22°12'4"S, 42°48'40"W), 
Rio de Janeiro State, Brazil. 
Prevalence and intensity of infection: 21.4% (12 rodents infected/57 
rodents collected), 1-172 (30.8 ± 15.13 mean intensity). 
Specimens deposited: Ten paratypes CHIOC No. 35589. 
REMARKS 
The pattern of the caudal bursa of G. zetta collected in O. 
nigripes is in agreement with the description of G. zetta by 
Travassos (1937) in Nectomys squamipe, where it is mentioned as 
"rato rape." The synlophe in the Trichostrongylina is the main 
characteristic used for identification into the genus (Durette-Des set 
and Digiani, 2010). However, in previous records regarding G. 
zetta, no mention was made to the synlophe of the specimens 
infecting N. squamipes by Travassos (1937). In addition, it is known 
that G. zetta has a large geographic distribution and a low host 
specificity, infecting Oligoryzomys eliurus Wagner, 1845 (syn. 
Oryzomys eliurus) , Cerradomys subflavus Wagner, 1842 (syn. 
Oryzomys subflavus), and Galea spixii Wagner, 1831 collected in 
the Cerrado region of Brazil (Vicente et aI., 1997); Euryomyzomys 
russatus Leche, 1886 (syn. Oryzomys intermedius), and Akodon 
cursor Winge, 1887 from the Atlantic Forest Coast (Gomes et aI., 
2003; Simoes et aI., 2011); and, more recently, in Thrichomys 
pachiurus Wagner, 1845 in the Brazilian Pantanal (data not shown). 
Studying the paratype specimens deposited by Travassos and 
comparing with description illustration, led to the conclusion that 
Figure 4 is the most representative for G. zetta dorsal trunk of the 
caudal bursa. 
Guerrerostrongylus gomesae n. sp. 
(Figs. 12-21) 
General diagnosis: Long nematode. Excretory pore situated 
near end of esophagus, round deirids situated at same level as 
excretory pore. Nerve ring situated in anterior third of esophagus 
(Fig. 12). In apical view, triangular bucal aperture. Six inter-
nolabial papillae, 2 amphids, and 4 cephalic papillae. The 
externolabial papillae were not observed. Spicules short and thin. 
Synlophe (studied in 2 male and 2 female para types ): Ridges 
appear uninterrupted posterior to cephalic vesicle and disappear 
anterior to caudal bursa in males and at caudal end in females:ln . 
both sexes, cuticle bears longitudinal ridges. Number of ridges: 
31-41 in males and 35-46 in females at the level of esophagus 
intestinal junction (Figs. 13, 14); 35-46 in males and 40-48 in 
females at the midbody (Figs. 15, 16); 34-43 in males and 28-33 
(Figs. 17, 18) in females at posterior end. Just posterior to caudal 
bursa, ridges are slightly unequal in size, with smaller ridges in 
ventral right quadrant. Ridges of equal si~e slightly inclined from 
right to left on both sides; those on left perpendicular to body 
surface in males and females. 
Male (holotype and 9 paratypes, except otherwise stated): 7.24 
(4.524--7.24 [5.7]) mm long and 0.17 (0.15--0.21 [0.18]) mm wide, n 
= 10 at midbody; cephalic vesicle 53 (40--61 [50]) long, n = 7,40 
(30-60 [40]) wide, n = 7. Nerve ring, deirids, excretory pore 
situated at 167 (147-177 [164]), n = 3,305 [300-360 [340]), n = 5, 
and 320 (300-310 [300]), n = 2 from apex, respectively. 
Esophagus 340 (310-360 [340]) long, n = 7 (Fig. 12). Caudal 
bursa asymmetric with right lobe more developed, rectangular in 
shape. Rays 2 and 3 grow from same vertices. Rays 4 and 5 joined 
at two-thirds oflength, divergent at extremities, rays 4 larger than 
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rays 5, extremities of rays 4 curved forward. Rays 6 separated 
from rays 5. Rays 8 arising at midlength of dorsal trunk, ending 
near margin of caudal bursa. Dorsal ray divided at fourth part 
into 2 branches, each branch divided into 2 subequal subbranches: 
rays 9 external slightly longer than rays 10 internal (Fig. 19). 
Genital cone 87 (45-93 [63]) long, n = 9 and 53 (43-63 [52]) wide, 
n = 9. Ventral lip presents papilla (Fig. 20). Spicules filiform, 
equal and short 447 (310-560 [460]) long, n = 9 (Fig. 19). 
Gubernaculum 20 (10-30 [20]) long, n = 8 and 10 (10-21 [14]) 
wide, n = 8 at base in ventral view. 
Female (allotype and 10 paratypes): 7.15 (6.70-8.44 [7.24]) mm 
long and 0.17 (0.14--0.32 [0.21]) mm wide, n = 10 at midbody. 
Cephalic vesicle 60 (37-62 [46]) long, n = 9, and 40 (33-52 [40]) 
wide, n = 9. Nerve ring, derides, and excretory pore situated at 
190 (160-210 [180]), n = 7, 350 (310-350 [331]), n = 3, and 340 
(300-403 [354]), n = 6, from apex, respectively. Esophagus 368 
(318-415 [367]) long, n = 9. Monodelphic vulva situated at 348 
(250-422 [340]), n = 10 from caudal extremity, vagina vera 430 
(32-47 [36]) long, n = 5; vestibule 35 (27-50 [36]) long, n = 5 long. 
Sphincter 8 (8-14 [10]) long, n = 5, and 37 (38-45 [39]) wide, n = 
5; infundibulum 30 (22-41 [32]) long, n = 5. Uterus 1,113 (906-
1,363 [1,113]) long, n = 6. Egg 52 (31-59 [51]) long and 30 (25-35 
[33]) wide, n = 10. Tail conical, folded dorsoventrally 51 (45-78 
[57]) long, n = 10 (Fig. 21). 
Taxonomic summary 
Type host: Oecomys mamorae Thomas, 1906 (Rodentia: 
Sigmodontinae ). 
Site of infection: Small intestine. 
Type locality: Aquidauana (19°34'54"S, 56°14'62''W), Mato 
Grosso do Sui State, Brazil. 
." Prevalence and intensity of infection: 30% (3 rodents infectedllO 
rodents collected), 1-5 (3 mean). 
Specimens deposited: Holotype male (CHIOC No. 37233), 
allotype female (CHIOC No. 37234), and 16 paratypes (10 males 
and 6 females) (CHIOC No. 35667) were deposited in the 
Helminthological Collection of the Institute Oswaldo Cruz, Rio 
de Janeiro, Brazil. 
Etymology: New species is named in honor of Dr. Delir Correa 
Gomes Maues da Serra Freire for her contribution to helmin-
thology. 
Remarks 
The genus is characterized by having caudal bursa of type 2-2-
1, synlophe with more than 40 cuticular ridges with equivalent size 
in the middle body, worms with relatively large size, genital cone 
not hypertrophied, and caudal bursa with hypertrophy of dorsal 
lobe and rays 6. The female tail is not invaginated and conical 
(Sutton and Durette-Desset, 1991). The main characteristics of 
the specimens studied here include rays 2 long, reaching the edge 
of the caudal bursa, which differentiate this species from the other 
species of this genus, rays 8 arising at the midlength of the dorsal 
trunk, and spicules not as long. 
Guerrerostrongylus Sutton & Durette-Desset, 1991 (Heligmoso-
moidea) belongs to the Nippostrongylinae (Heligmonellidae). Two 
species have been described in the genus, G. uruguayensis Sutton & 
Durette-Desset, 1991, a parasite of Olygoryzomys flavescens 
Saussure, 1860 (syn. Oryzomys flavescens) from Uruguay, and G. 
zetta (Travassos, 1937), a parasite of N. squamipes from Brazil. A 
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FIGURES 12-21. Guerrerostrongylus gomesae n. sp. (12) Anterior extremity, right lateral view, male. Scale bar: 100 !-lm. (13) Transverse section of 
body, at anterior extremity, male. Scale bar: 25 !-lm. (14) Transverse section of body, at anterior extremity, female. Scale bar: 25 !-lm. (15) Transverse 
section of body, at midbody, male. Scale bar: 25 !-lm. (16) Transverse section of body, at midbody, female. Scale bar: 25 !-lm. (17) Transverse section of 
body, male, just anterior to caudal bursa. Scale bar: 25 !-lm. (18) Transverse section of body, female, just anterior to vulva. Scale bar: 25 !-lm. (19) Male, 
caudal bursa, ventral view. Scale bar: 100 !-lm. (20) Genital cone, ventral view. Scale bar: 100 !-lm. (21) Female, posterior extremity, left lateral view. Scale 
bar: 100 !-lm. 
third species, Guerrerostrongylus sp. Digiani et aI., 2007, a parasite 
of Akodon simulator Thomas, 1916 from Argentina, is unnamed 
because the male is unknown. 
Differences between the new species and the 2 other species: 
relative length of rays 2 (long versus short) and the rays 6 (short 
versus long); posterior extremity of the female (strongly curved 
versus straight). Differences with G. uruguayensis include appear-
ance of rays 8 on dorsal ray (within midlength versus at base) and 
the length of the spicules, but especially the spicule and length/ 
body length ratios (6.2% versus 12.0%), respectively. Guerrero-
strongylus zetta is the most closely related species, but it differs in 
the transversal widening of the caudal bursa, the spicule and 
length/body length ratios (6.2% versus 7.0%, respectively), and 
appearance of rays 8 within proximal third. In addition to the 
differences quoted above, the new species is distinguished by 
transversal lengthening of rays 4 and 5. The new species is 
distinguished from female of Guerrerostrongylus sp. Digiani et aI., 
2007, because the tail is not twisted at 90°. 
With characteristics of the synlophe from G. gomesae n. sp. and 
G. zetta, we suggest that the characteristics for the genus include a 
range of more than 35 cuticular ridges at the midbody. Thus, the 
characteristics of the caudal bursa are essential to identify the 
species because, in both cases (G. gomesae n. sp. and G. zetta), we 
observed an overlap in the number of cuticular ridges at the 
midbody. The characteristics of the synlophe of G. gomesae n. sp. 
suggest there is a need to broaden the range of the cuticular ridges 
used for genus classification. 
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A NEW SPECIES OF ATRIOTAENIA (CESTODA: ANOPLOCEPHALIDAE) FROM THE HOG-
NOSED SKUNK CONEPATUS CHINGA (CARNIVORA: MEPHITIDAE) IN PERU 
Luis A. Gomez-Puerta, Daniel S. Ticona*, Maria T. Lopez-Urbina, and Armando E. Gonzalez 
Department of Preventive Veterinary Medicine, School of Veterinary Medicine. Universidad Nacional Mayor de San Marcos, Av. Circunvalacion 
2800, Lima 41, Lima, Peru. e-mail: lucho92@yahoo.com 
ABSTRACT: Atriotaenia sanmarci n, sp. (Cestoda: Anoplocephalidae) is described as a parasite of the Andean hog-nosed skunk, 
Conepatus chinga (Carnivora: Mephitidae), from Cusco, Peru. The new species is primarily distinguished from related species by the 
distribution, and greater number, of testes, i.e., 194-223 versus 40-60 in A trio taenia sandgroundi (Sandground, 1926) Baer, 1935,47-73 
in A trio taenia procyonis (Chandler, 1942) Spasskii, 1951, and 21-84 in Atriotaenia incisa Railliet, 1899, Also, there are differences with 
respect to the larger dimensions of suckers (300-371I!m vs. 140 in A. sandgroundi, 83-134 in A. procyonis, 70-140 in A. incisa, and 155-
192 in Atriotaenia hastati Vaucher, 1982) and in the cirrus pouch length (204-732I!m vs. 90 in A. sandgroundi, 200-220 in A. procyonis, 
100-180 in A. incisa, and 150-205 in A. hastati). The new species differs from A. sandgroundi and A. hastati in having a larger body size 
(122-133 mm vs. 10,6 and 10, respectively). This cestode is the fifth species of Atriotaenia Sandground, 1926. 
Atriotaenia Sandground, 1926, includes anop10cephalid ces-
todes of the Linstowiinae and has 4 valid species (Haukisa1mi, 
2011), Three species have been reported from procyonids and bats 
in North and South America, i,e" Atriotaenia procyonis (Chan-
dler, 1942) Spasskii, 1951 from the raccoon (Procyon lotor) 
(Chandler, 1942; Gallati, 1959), Atriotaenia sandgroundi (Baer, 
1935) Spasskii, 1951 from the South American coati (Nasua 
nasua) (Sandground, 1926), and Atriotaenia hastati Vaucher, 1982 
from the greater spear-nosed bat (Phyllostomus hastatus) (Vau-
cher, 1982). Another species is described as parasitizing mustelids 
and procyonids from Europe and Asia, i.e., Atriotaenia incisa 
(Railliet, 1899) Spasskii, 1951 in the European badger (Meles 
meles) and the raccoon (see Table I) (Railliet, 1899; Spasskii, 
1951; Priemer and Lux, 1994). 
The Andean hog-nosed skunk (Conepatus chinga) is a mephitid 
whose distribution ranges from northeastern Peru to southern 
Chile and to certain areas of Bolivia, Paraguay, Argentina, and 
Brazil (Einsenberg and Redford, 1999; Dragoo et aI., 2003). 
Currently, little is known about the parasite fauna of the Andean 
skunk. To date, only the tapeworm Spirometra erinacei and the 
nematodes Ancylostoma conepati, Physaloptera cahuide, and 
Physaloptera maxillaris have been reported in the Andean skunk 
(Stein et aI., 1994; Sarmiento et aI., 1999; Gomez-Puerta et aI., 
2009). The present work describes a new cestode species of 
Atriotaenia which parasitizes the Andean hog-nosed skunk from 
Cusco, Peru. 
MATERIALS AND METHODS 
In November 2005 and January 2007, cestodes were collected from the 
small intestine of 2 Andean hog-nosed skunks from Abra La Raya in 
Cusco, Peru, located in the Andes at' 4,000 m above sea level 
(14°28'43.03"S, 71001'41.34''W). The cestodes were fixed in 4% seawater-
buffered formalin and preserved in 70% ethanol. The cestodes were 
stained with Semichon's acetic carmine, Delafield's hematoxylin, and 
Horn's trichrome. The samples were dehydrated in an ascending alcohol 
series up to absolute ethanol. Subsequently, the samples were cleared in 
clove oil and mounted in Canada balsam. Serial sections were cut from 
pieces of strobila, embedded in paraffin at a thickness of 5 I!m, and stained 
with hematoxylin and eosin. 
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For the purposes of description and illustration, photographs were taken 
using a Carl Zeiss microscope, Axioskop 40 (Carl Zeiss microscopy, 
Gottingen, Germany). Measurements were obtained using the software 
Leica IM50 version 4.0 R117 (Leica Microsystems, Wetzlar, Germany), 
Metric and meristic characteristics are given as a range with the mean value 
in parentheses. The measurements reported are in micrometers unless 
otherwise stated. The neck is defined as the region between the posterior 
margins of the suckers and the first proglottid. Some gravid proglottids were 
mounted in Berlese's medium to facilitate observation of embryonic hooks. 
The taxonomic nomenclature used here follows Beveridge (1994) and 
Haukisalmi (2011). The host nomenclature follows Dragoo et al. (2003). 
The holotype and paratype were deposited in the Helminthology and 
Invertebrate Collection of the Natural History Museum of the National 
San Marcos University (MUSM) in Lima, Peru (Holotype: MUSM 3014; 
Paratype: MUSM 3015). 
DESCRIPTION 
Atriotaenia sanmarci n. sp. 
(Fig. 1) 
General features (the description is based on 4 complete gravid specimens, 
represented by the holotype and 3 paratypes): Medium-sized cestodes, 
length of gravid specimens 122-133 (129) mm with 85-100 (92) craspedote 
proglottids. Maximum width 3,078-3,764 (3,307) attained in gravid 
segments just past midline. Scolex unarmed, 493-643 (566) long by 806-
1,146 (952) wide. Suckers oval, 300-371 (340) long by 245-322 (284) wide. 
Neck 807-952 (862) long by 987-1,288 (1,129) wide. First mature 
proglottid approximately 58--66th (62); first gravid proglottid 75-85th 
(80), Strobila slender for first one-fourth to one-third of the totallength, 
increasing rapidly in width beginning with late immature proglottids. 
Mature proglottids: 14-22 (18) proglottids in total, 1,238-3,450 (2,303) 
long by 1,564-3,141 (2,166) wide. Genital pores unilateral, positioned in 
anterior third of segment margin. Genital atrium prominent with well-
developed radial musculature, 354-1,021 (682) long by 195--650 (384) wide. 
Cirrus pouch elongate, 204-732 (455) long, 47-135 (94) wide; unarmed, 
ductus cirri straight; distal vas deferens looped within cirrus sac. Proximal 
vas deferens prominently looped. Internal and external seminal vesicles 
absent. Testes first visible in proglottid 50th-54th (52), Number of testes 
194-223 (207), distributed posterior and lateral to ovary between 
longitudinal osmoregulatory canals. Testes do not reach the anterior margin 
of ovary, with distinct gap between testicular field and ventral longitudinal 
osmoregulatory canals. Testes oval to sub-spherical, 45-80 (65) long by 40-
65 (51) wide. Vagina width 459-1,183 (866) long; seminal receptacle 123-370 
(187) long by 60-181 (99) wide. Vagina opens to genital atrium posterior to 
cirrus sac. Ovary flabelliform, 577-1,311 (918) long, 257-719 (494) wide, 
medial, in anterior half of proglottid. Vitellarium 309-793 (548) in maximum 
length by 238--866 (505) in maximum width, situated posterior to ovary. 
Uterus not seen. Osmoregulatory system consisting of paired lateral canals, 
with narrow dorsal ducts and broader ventral duct on each side; single 
transverse canal connects ventral canals at posterior and anterior margin of 
each segment. Genital ducts pass between osmoregulatory canals. 
Gravid proglottids: 2,877-6,560 (4,451) long by 1,772-3,764 (2,590) wide 
at maximum width of the strobila. Terminal gravid proglottids 3,812--6,560 
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TABLE I. List of species of A trio taenia with host genera and geographical regions. 
Scientific name Type host Host group Geographical region 
Atriotaenia hastati Vaucher, 1982 Phyllostomus hastatus Phyllostomidae Paraguay 
Atriotaenia incisa Railliet, 1899 Meles meles Mustelidae France 
Atriotaenia procyonis (Chandler, 1942) Spasskii, 1951 Procyon lotor Procyonidae United States 
Atriotaenia sandgroundi (Sandground, 1926) Baer, 1935 Nasua nasua Procyonidae Brazil 
Atriotaenia sanmarci n. sp. Conepatus chinga Mephitidae Peru 
(5,412) long by 2,169-3,764 (2,868) wide, packed with eggs. Genital pore 
positioned at anterior third of proglottids. Ovoid eggs scattered in 
parenchyma, 41.2-48.1 (44.4) long by 36.9-44.5 (41.4) wide. Oncosphere 
24.3-31.0 (26.7) long by 21.0-28.0 (23.1) wide, oncosphere hooks 9.3-12.3 
(10.5) long. 
Taxonomic summary 
Type host: Conepatus chinga (Thomas, 1902) (Caniformia: Mephitidae). 
Type locality: Peru, Cusco, Melgar, Abra La Raya, about 4,000 m 
above sea level, 14°28'43.03"S, 71 001 '41.34"W. 
Site in host: Small intestine. 
Prevalence and intensity: Two individuals infected with approximately 8 
tapeworms each. 
Date of collection: November 2005 and January 2007. 
Specimens deposited: Natural History Museum of the National San 
Marcos University, Lima, Peru; MUSM 3014 (Holotype), MUSM 3015 
(Paratype). 
Etymology: The new species is named in honor of San Marcos 
University (Universidad Nacional Mayor de San Marcos), our Alma 
Mater. 
Remarks 
Atriotaenia, established by Sandground in 1926, is characterized by the 
presence of a prominent genital atrium with distinct radial musculature 
D 
(Beveridge, 1994). At the present time, this genus is composed of 4 
valid species, i.e., A. procyonis, A. sandgroundi, A. hastati, and A. incisa 
(Haukisalmi, 2011). Atriotaenia sanmarci n. sp. can be distinguished from 
the other related species by having larger suckers, more-numerous testes, 
and a larger cirrus sac (Table II). Testes position is a distinguishing feature 
for some Atriotaenia species. As mentioned above, the testes of A. 
sanmarci are distributed posterior and lateral to the ovary and before the 
anterior margin of the ovary. Atriotaenia sanmarci has a distinctive 
position of the testes compared with A. procyonis and A. sandgroundi. 
However, the testes of A. hastati are distributed similar to A. sanmarci. 
DISCUSSION 
Cestodes of the Anoplocephalidae have been reported from 
mephitids from Europe as well as North and South America 
(Kontrimavichus, 1985). However, there are no species among 
these records with characters similar to those of the new cestode 
described in this report. According to the anoplocephalid key 
created by Beveridge (1994), the present cestodes most closely 
resemble species of Atriotaenia. Schmidt (1986) considered there 
to be 5 species within this genus, i.e., A. sandgroundi, A. procyonis, 
A. hastati, A. incisa, and Atriotaenia baltazardi (Quentin, 1967). 
The latter author described A. baltazardi parasitizing the Spix's 
FIGURE 1. Atriotaenia sanmarci n. sp. from Conepatus chinga (Caniformia: Mephitidae). (A). Scolex with neck. (B). Mature segment. (C). Gravid 
segment. (D). Egg. Scale bar for (A), (B) and (C) = 0.5 mm. Scale bar for (D) = 0.02 mm. 
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TABLE II. The main morphological features of Atriotaenia sanmarci n. sp. compared with related Atriotaenia species. :D z }> 
r 
Atriotaenia sanmarci A trio taenia A trio taenia Atriotaenia 0 "Tl 
n. sp. sandgroundi procyonis procyonis Atriotaenia hastati Atriotaenia incisa A trio taenia incisa -0 }> 
:D 
Phyllostomus Mefes mefes, }> (f) 
Host: Conepatus chinga Nasua nasua Procyon fotor Procyon fotor hastatus Mefes mefes Procyon fotor =i 0 
r 
According to: Present study Sandground, 1926 Chandler, 1942 Gallati,1958 Vaucher, 1982 Baer, 1927 Priemer and Lux, 1994 0 Gl 
.-< 
Total length (mm) l22-133 (129) 10.6 8-23 8-162 10 50-100 30--180 < 0 
Max. width (mm) 3:08-3.76 (3.31) 0.65---{).75 0.9-1.6 2.3 I 1.3 2 , 
Scolex length 493--643 (566) 750 300--375 150--255 376-605 270 500 <0 5:tJ 
Scolex width 806--1,146 (952) 750 150--200 270--430 270 z 
Suckers length 300--371 (340) 140 90--100 83-134 155-192 80 70-140 9 
• .f>. 
Suckers width 245-322 (284) 140 45-91 130--155 80 }> 
Neck length 807-952 (862) 100--200 100--200 c Gl 
Neck width 987-1,288 (1129) c (f) 
No. immature proglottids 57-65 (61) --I 
'" No. mature proglottids 14--22 (18) ~
'" No. gravid proglottids 11-16 (13) 
No. proglottids 85-100 (92) 32 . 45-70 40 
Mature proglottids length 1,238-3,450 (2,303) 280--700 300--1,200 
Mature proglottids width 1,564--3,141 (2,166) 700--1,050 700--1,400 
Gravid proglottids length 2,877-6,560 (4,451) 1,000--2,300 1 ,000--7,200 
Gravid proglottids width 1,772-3,764 (2,590) 900--1,600 900--2,300 
Atrium genital length 354--1021 (682) 120 70--90 70-140 
Atrium genital width 195-650 (384) 76 
No. testes 194--223 (207) 40--60 48-63 47-73 23-30 21-84 
Testes length 45-80 (65) 25 50--70 50--81 50 
Testes width 40-65 (51) 12 30-40 30--66 40 
Cirrus pouch length 204--732 (455) 90 200-220 110--195 150--205 110--130 100--180 
Cirrus pouch width 47-135 (94) 35 40--81 35-50 40 40--80 
Ovary length 577-1311 (918) 
Ovary width 257-719 (494) 375-530 335-530 
Vitelarium length 309-793 (548) 115-175 115-200 
Vitelarium width 238-866 (505) 175-195 130--250 
Eggs length 41.23-48.05 (44.44) 24 62-68 30 30-50 
Eggs width 36.92-44.47 (41.42) 21 46--60 30 
Oncosphere length 24.28-31.04 (26.69) 30--34 30--41 44-58 23 20--40 
Oncosphere width 20.96--27.99 (23.13) 25-28 24--33 32-36 23 
Embryonic hook length 9.26--12.25 (10.51) II 13 13-17 17 
yellow-toothed cavy (Galea spixii, Rodentia, Caviidae). Atriotae-
nia baltazardi is, however, presently considered a junior synonym 
of Quentinia mesovitellinica (Rego, 1967) Quentin, 1994 (Cateno-
taeniidae) (Quentin, 1994). 
Atriotaenia sanmarci n. sp. is most readily distinguished from the 
other 4 species on the basis of the number of testes, i.e., 21-84 in A. 
incisa, 40--60 in A. sandgroundi, 47-73 in A. procyon is, and 53-70 in 
A. hastati (Sandground, 1926; Baer, 1927; Chandler, 1942; Spasskii, 
1951; Gallati, 1959; Vaucher, 1982; Priemer and Lux, 1994) 
compared with 194-223 in the new species. The representative 
measurements from all Atriotaenia species are provided in Table II. 
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A NEW SPECIES OF ASCOCOTYLE (TREMATODA: HETEROPHYIDAE) FROM THE SOUTH 
AMERICAN SEA LION, OTARIA FLAVESCENS, OFF PATAGONIA, ARGENTINA 
Jesus Servando Hernandez-Orts, Francisco Esteban Montero, Enrique Alberto Crespo*, Nestor Anibal Garcfa*, 
Juan Antonio Raga, and Francisco Javier Aznar 
Cavanilles Institute of Biodiversity and Evolutionary Biology, University of Valencia, 46980 Valencia, Spain. e-mail: jesus.s.hernandez@uv.es 
ABSTRACT: We describe a new heterophyid species, Ascocotyle (Ascocotyle) patagoniensis n, sp" based on specimens collected from 
the intestines of the South American sea lion Otaria flavescens from Patagonia (Argentina). Ascocotyle (A.) patagoniensis n. sp. is 
distinguished from the other species of the subgenus by the number of circumoral spines, which are arranged in 2 rows of 18 to 23. The 
new species also differs from the other species in having a gonotyl without papillae, The specimens exhibited the widest seminal 
receptacle described for a species of this subgenus, Species of the subgenus Ascocotyle usually infect fish-eating birds or mammals in 
freshwater or brackish habitats. Ascocotyle (A.) patagoniensis n. sp. is the first species of the subgenus described from a marine 
mammal. However, no metacercariae of Ascocotyle spp. were found in 542 marine teleosts from 20 species collected in the same 
locality. The life cycle of the marine species from the Ascocotyle-complex infecting pinnipeds remains elusive. 
During a survey of intestinal parasites of the South American 
sea lion Otaria flavescens (Shaw, 1890) (Carnivora: Otariidae) 
from the Argentine Patagonian coast, a number of heterophyid 
digenean specimens were collected, The worms appeared to rep-
resent a new species of the Ascocotyle-complex sensu Sogandares-
Bernal and Lumsden (1963) that we describe herein, As it is the 
first species of Ascocotyle (Ascocotyle) Looss, 1899, infecting a 
marine mammal (see below), a parasitological survey of fish 
species from the study area was also conducted in an attempt to 
identify potential intermediate hosts for this species, 
MATERIALS AND METHODS 
Fifty-six South American sea lions (30 males and 26 females) were 
collected from 2000 to 2009 in northern Patagonia (40043'-43°20'S, 
63°04'-65°07'W); animals were found as by-catch in fisheries or stranded 
on the coast. At necropsy, intestines were removed and kept frozen at 
-20 C. After thawing, intestines were opened and the contents washed 
with tap water through sieves of either 0.2- or 0.5-mm mesh size. Intestinal 
contents were later examined using a stereomicroscope; a large number of 
minute digeneans (ca. 0.6 X 0.2 mm) were found entangled in the mucous 
contents of 2 host specimens. Given the small size of the parasite, we 
believe that a significant number of specimens could have been lost during 
sieving, 
The flukes were fixed and preserved in 70% ethanol. A total of 629 
specimens was stained with iron acetocarmine (n = 184) or alum carmine 
(n = 445), dehydrated through an ethanol series, cleared in clove oil, and 
mounted in Canada balsam. Specimens were examined with a compound 
microscope using bright field and differential interference contrast optics, 
Measurements were taken from drawings made with the aid of a drawing 
tube. Measurements are in micrometers and are shown as the mean 
followed by standard deviation (SD), with the range in parentheses and 
the number of measured specimens or structures. . 
Specimens from the type series are deposited in the Natural History 
Museum (NHMUK), London, U,K" the United States National Parasite 
Collection (USNPC), Beltsville, Marylandr and the National Museum of 
Natural Sciences (MNCN), Madrid, Spain; voucher specimens are 
deposited in the Collection of the Marine Zoology Unit (MZU), the 
Cavanilles Institute of Biodiversity and Evolutionary Biology, University 
of Valencia, Spain. 
A total of 542 individual fish from 20 species was examined for 
helminths including metacercariae (Table I), Fishes were collected from 2 
zones of the Argentinean shelf: north (42°45'8-42°59'S, 61°09'W-
62°58'W) and central Patagonia (47°00'S-4rI9'S, 61°59'W-64°25'W). 
Of these species, 16 fish are common prey of the South American sea lion 
Received 26 August 2011; revised 24 February 2012; accepted 29 
February 2012. 
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(Koen-Alonso et aI., 2000; N. A. Garcia, pers, comm,), Fish were sampled 
onboard Argentine hake trawlers during 2006-2007 from the same area 
where sea lions were collected. Samples of fish were frozen at - 20 C for 
later examination or kept on ice to be examined fresh upon arrival at the 
laboratory. The skin, epaxial and hypaxial muscles, abdominal cavity, 
liver, intestine and intestinal ceca, stomach, swimbladder, gonads, heart, 
head, brain, and gills were examined for helminths by stereomicroscopy. 
Typical microhabitats for metacercariae in species of the subgenus 
Ascocotyle in fish, i.e., walls of the stomach, intestine, and other visceral 
organs (Martin and Steele, 1970; Font et aI., 1984; Ostrowski de Nunez, 
2001), bulbus arteriosus (Schroeder and Leigh, 1965; Ostrowski de Nunez, 
2001; Santos et aI., 2007), and muscle (Font et aI., 1984) were pressed 
between 2 Petri dishes and subsequently examined using a stereomicro-
scope. 
DESCRIPTION 
Ascocotyle (Ascocotyle) patagoniensis n. sp. 
(Figs. 1-8) 
Diagnosis (based on 18 specimens for general morphology and 12 
additional specimens for morphology of circumoral spines): With characters 
of Ascocotyle Looss, 1899, subgenus Ascocotyle, sensu Sogandares-Bernal 
and Lumsden (1963). Body tear-shaped, 622 ± 112 (489-860, n = 18) long 
and 211 ± 35 (160--302, n = 18) wide, maximum width at level of ovary 
(Figs. 1, 7, 8). Tegument spinose. Preoral lobe well-developed, 29 ± 10 
(17-43, n = 14) long. Oral sucker subterminal, 45 ± 11 (26-68, n = 16) 
long and 49 ± 12 (22~68, n = 16) wide. Oral sucker surrounded by 2 rows 
of circumoral spines (Figs. 2-6). Anterior row with 17-23 spines (n = 17); 
10 specimens with complete anterior rows, with a distribution of spines per 
specimen as follows: 18 (n = 6; Fig. 2); 19 (n = 1; Fig. 3); 20 (n = 2; 
Fig. 5); and 23 (n = 1; Fig. 6). Posterior row with 17-20 spines (n = 8); 3 
specimens with complete posterior row, with a distribution of spines per 
specimen as follows; 18 (n = 2; Figs. 2,4) and 19 (n= 1; Fig, 3), Spines in 
anterior row longer than in posterior row, 15 ± 2 (13-17, n = 28 from 5 
specimens) long; spines in posterior row 11 ± 2 (10--13, n = 18 from 3 
specimens) long (Figs. 2-6). Oral sucker with conical posterior prolonga-
tion, prolongation 88 ± 30 (48-149, n = 14) long, more elongated in long-
necked specimens (Figs. 1,7,8). Prepharynx 117 ± 43 (56-200, n = 16) 
long. Pharynx strongly muscular, oval, 57 ± 7 (47-72, n = 20) long and 37 
± 8 (20-49, n = 20) wide, Esophagus not observed. Intestinal ceca short, 
wide, ending anterior to ventral sucker (Figs. 7, 8). Ventral sucker oval, 
medial, slightly postequatorial, 57 ± 9 (47-77, n = 9) long and 59 ± 8 (43-
68, n = 9) wide; opening of ventral sucker small. 
Testes irregularly ellipsoidal, symmetrical, situated near posterior 
extremity, similar in size, 51 ± 9 (43-72, n = 15) long and 69 ± 15 (39-
89, n = 15) wide. Seminal vesicle voluminous, 75 ± 14 (43-96, n = 12) 
long and 111 ± 28 (79-170, n = 12) wide, sinuous with dextral dorso-
ventral loop connecting 2 large sacs, ventral more elongated than dorsal 
(Figs, 7,8), Ejaculatory duct dorsal, curved proximally. Ventro-genital sac 
with slit-like opening; gonotyl simple muscular, situated antero-laterally 
(dextrally) to ventral sucker, without papillae, 12 ± 1 (11-13, n = 3) long 
and 34 ± 7 (28-43, n = 3) wide (Fig, 7). Ovary oval, tenuous, situated 
medially between seminal vesicle and seminal receptacle (Figs. 7,8),37 ± 7 
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TABLE 1. Sampling details of fish species that were examined for the presence of species of Ascocotyle in Patagonia, Argentina (measurements 
in centimeters). 
Host family Scientific name n Total length (mean ± SD) 
Bramidae Brama brama (Bonnaterre, 1788) 2 60.5 ± 2.1 
Bovichtidae Cottoperca gobio (Giinther, 1861) 8 30.2 ± 9.3 
Centrolophidae Serio lelia porosa Guichenot, 1848 34 33.0 ± 5.6 
Cheilodactylidae Nemadactylus bergi (Norman, 1937) 32 25.6 ± 5.5 
Congiopodidae Congiopodus peruvianus (Cuvier, 1829) 15 23.9 ± 2.0 
Merlucciidae Macruronus magellanicus Lonnberg, 1907 3 56.7 ± 23.0 
Merluccius hubbsi Marini, 1933 79 28.1 ± 4.2 
Mullidae Mullus argentinae Hubbs and Marini, 1933 2 20.7 ± 0.4 
Nototheniidae Patagonotothen ramsayi (Regan, 1913) 84 24.9 ± 3.5 
Ophidiidae Genypterus blacodes (Forster, 1801) 44 42.1 ± 9.9 
Raneya brasiliensis (Kaup, 1856) 16 21.2 ± 1.4 
Paralichthyidae Paralichthys isosceles Jordan, 1891 15 27.2 ± 5.5 
Xystreurys rasile (Jordan, 1891) 29 32.8 ± 5.9 
Percophidae Percophis brasiliensis Quoy and Gaimard, 1825 8 45.3 ± 4.9 
Pinguipedidae Pseudopercis semifasciata (Cuvier, 1829) 31 26.5 ± 2.7 
Scombridae Scomber japonicus Houttuyn, 1782 
Sebastidae Helicolenus lahillei Norman, 1937 
Serranidae Acanthistius brasilianus (Cuvier, 1828) 
Stromateidae Stromateus brasiliensis Fowler, 1906 
Triglidae Prionotus nudigula Ginsburg, 1950 
(30-43, n = 3) long and 49 ± 5 (43-52, n = 3) wide. Seminal receptacle 
voluminous, round to ellipsoidal, pretesticular or slightly sub-median 
(dextral), 77 ± 28 (51-128, n = 6) long and 107 ± 14 (86-123, n = 6) wide 
(Fig. 7). Vitelline follicles small, scattered, extending into lateral fields from 
anterior margin of ventral sucker to posterior body end (Figs. 1, 7, 8). 
Transverse vitelline ducts joining at ovary level. Uterus tubular, forming 
several loops from region between pharynx and ventral sucker to posterior 
margin of body (Figs. 1,7,8). Eggs ellipsoidal, operculated, 19 ± 1 (17-22, 
n = 61 from 20 specimens) long and 11 (10-15, n = 61 from 20 specimens) 
wide. Excretory vesicle Y-shaped with pretesticular lateral branches. 
Excretory pore sub-terminal, slightly dorsal. 
Taxonomic summary 
Type host: South American sea lion Otaria flavescens (Shaw, 1890) 
(Carnivora: Otariidae). 
Type locality: North Patagonia (40043'-43°20'S, 63°04'--65°07'W), 
Chubut, Argentina. 
Site in host: Intestine. 
Specimens studied: Thirty mounted specimens. 
Type specimens: Holotype (NHMUK 2012.2.13.1), 5 paratypes 
(NHMUK 2012.2.13.2-6), 4 paratypes (USNPC 105290), 6 paratypes 
(MNCN 4.02/52-4.02/57), 14 vouchers (MZU, EF2 11592-11605). 
Injection parameters: Infection parameters could not be reliably 
determined (see Materials and Methods); about 4,500 specimens were 
collected from 2 host specimens. 
Etymology: The epithet patagoniensis indicates the geographical region 
where the parasite was collected. .' 
Remarks 
Currently, 10 valid species are recognized in Ascocotyle (Ascocotyle): 
Ascocotyle (A.) branchialis Timon-David, 1961; Ascocotyle (A.) coleostoma 
Looss, 1896; Ascocotyle (A.) Jelippei Travassos, 1928; Ascocotyle (A.) 
gemina Font, Heard and Overstreet, 1984; Ascocotyle (A.) leighi Burton, 
1956; Ascocotyle (A.) pachycystis Schroeder and Leigh, 1965; Ascocotyle 
(A.) paratenuicollis Nasir, Lemus de Guevara and Diaz, 1970; Ascocotyle 
(A.) secunda Ostrowski de Nunez, 2001; Ascocotyle (A.) sexidigita Martin 
and Steele, 1970; and Ascocotyle (A.) tertia Ostrowski de Nunez, 2001 (see 
Santos et aI., 2007; Table II). Ascocotyle (A.) patagoniensis can be 
distinguished morphologically from these species by the number of 
circumoral spines (18 to 23 per row; 17 spines were found only in 
apparently incomplete rows). Ascocotyle (A.) paratenuicollis has only 11 
13 42.7 ± 5.0 
6 28.8 ± 2.6 
16 30.0 ± 2.6 
73 27.5 ± 3.6 
32 23.1 ± 2.8 
spines per row, whereas 5 species have 16 spines per row and 4 species ~22 
spines per row (maximum number 32 in A. (A.) gem ina) (Table II). The 
number of spines per row of A. (A.) patagoniensis only overlaps with that 
of A. (A.) pachycystis, but they differ from one another in the maximum 
number of spines (23 and 29, respectively) and the seminal receptacle size. 
Ascocotyle (A.) patagoniensis has the widest seminal receptacle of all 
described species, both in absolute and relative terms (Table II). The new 
species also differs from A. (A.) gemina, A. (A.) secunda, A. (A.) sexidigita, 
and A. (A.) tertia in lacking papillae in the gonotyl (Table II). 
. No metacercariae of Ascocotyle spp. were found in any of the fish 
examined. 
DISCUSSION 
Species belonging to the subgenus Ascocotyle possess 2 rows of 
circumoral spines, vi~ellarium extending to ventral sucker, uterus 
mainly confined to the area posterior to ventral sucker, and 
parapleurolophocercous cercariae (Sogandares-Bernal and Lu-
men, 1963). These diagnostic traits are shared with A. CA.) 
patagoniensis, although the type of cercaria is unknown for the 
new species. Additionally, apart from the morphological differ-
ences, the new species is the first in this subgenus found from a 
marine mammal. The other species occur mainly in fish-eating 
birds in freshwater habitats or salt marshes; 2 species have also 
been reported in terrestrial carnivores (raccoons) feeding on 
aquatic prey (Table II). 
The number of circumoral spines is the most useful morpho-
logical character to differentiate species within the subgenus 
Ascocotyle (Sogandares-Bernal and Lumsden, 1963; Santos et al., 
2007). Ascocotyle (A.) patagoniensis is unique in having 2 
complete circles of 18 to 23 spines each (Figs. 2, 3). Travassos 
(1928) described A. (A.)felippei as also having 18 spines per row. 
Santos et al. (2007) re-examined the original specimens described 
by Travassos (1928) (who did not designate a holotype), 
synonymized with other species as A. (A.) puertoricensis and A. 
(A.) tenuicollis, and concluded that no specimen possessed more 
than 16 spines per row. Circumoral spines are often difficult to 
• 
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FIGURES 1-6. Ascocotyle (Ascocotyle) patagoniensis n. sp. (1) Holotype. Whole worm, dorsal view. (2) Holotype. Detail of oral sucker showing the 
double row of 18 spines each. (3-6) Paratypes. Details of the circumoral spines with different combinations of numbers per rows (possible missing spines 
have been reconstructed with dotted lines): 19 spines each (3); 17 spines in anterior row and 18 in posterior row (4); 20 spines in anterior row and 17 in 
posterior row (5); and 23 spines in anterior row and 20 in posterior row (6). Scale bars: Figure 1 = 200 [lm; Figures 2-6 = 50 [lm. 
count due to their small size and visual overlapping in mounted 
specimens. Moreover, spines may be missing because of the post-
mortem decomposition of the tegument (Santos et a!., 2007). 
Many specimens of A. (A.) patagoniensis were in relatively poor 
condition, and the upper and lower rows of circumoral spines 
were complete in just 10 and 3, respectively, of 629 mounted 
specimens (Figs. 2-6). The problem of post-mortem maceration is 
widespread in digeneans of marine mammals because the host is 
usually difficult to obtain and process because, frequently, it may 
have been dead for a long time, or frozen, before worms can be 
collected (Gibson, 2005). In fact, spines are often lost in other 
typical structures of digeneans, e.g., the tegument, the cirrus 
pouch, or the metraterm (Adams and Rausch, 1989). 
Other structural traits, e.g., the morphology of the gonotyl, 
meristic, the number and morphometric character of gonotyl 
papillae (or both), the size of the body, relative position of testes, 
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FIGURES 7-8. Ascocotyle (Ascocotyle) patagoniensis n. sp. (7) Paratype. Diagrammatic representation of whole wonn, ventral view. (8) Paratype. 
Diagrammatic representation of wonn, lateral view. Scale bars = 200 lUll. 
and extension of vitellaria have been used to separate species 
within the subgenus Ascocotyle (Schroeder and Leigh, 1965; 
Martin and Steele, 1970; Font et aI., 1984; Ostrowski de Nunez, 
2001, Santos et aI., 2007). In addition, we suggest that the 
voluminous seminal receptacle of A (A.) patagoniensis could be a 
useful feature that separates it from other species in the subgenus 
because this structure was markedly consistent in fully developed 
specimens. Unfortunately, the seminal receptacle has rarely been 
measured in older descriptions; therefore, we generally obtained 
its dimensions from original drawings (Table II). However, even a 
cursory examination of drawings clearly reveals that the seminal 
receptacle is comparatively much more developed in A. (A.) 
patagoniensis than in any other species. The seminal vesicle was 
also voluminous in this species, with a particular looped shape. A 
folded or looped seminal vesicle has only been described in 3 other 
species of this subgenus, i.e., A. (A.) pachycystis, A. (A.) secunda, 
and A. (A.) sexidigita (Schroeder and Leigh, 1965; Martin and 
Steele, 1970; Ostrowski de Nunez, 2001). Nevertheless, the 
.. 
TABLE II. Taxonomic data on the species of Ascocotyle, subgenus Ascocotyle (measurements in micrometers). 
Ascocotyle (Ascocotyle) 
branchialis 
Ascocotyle (Ascocotyle) 
coleostoma 
Ascocotyle (Ascocotyle) 
gemina 
Ascocotyle (Ascocotyle) 
Jelippei 
Species of 
Ascocotyle and 
References: 
Definitive host 
Second 
intermediate host 
Locality 
Body length x width 
No. circumoral 
spines (no. per row) 
Gonoty1 
Seminal vesicle 
(length x width) 
Seminal receptacle 
(length x width) 
Species of Ascocotyle and 
References: 
Definitive host 
Second intermediate host 
Locality 
Body length x width 
No. circumoral spines 
(no. per row) 
Gonoty1 
Seminal vesicle 
(length x width) 
Seminal receptacle 
(length x width) 
Timon-David, 
1961; Santos 
et ai., 2007 
Pigeon* ~ 
Edible frog 
France 
332-475 X 147-199 
32 (16) 
Unknown 
Unknown 
30 X 33t 
Travassos, 
1930; Santos 
et ai., 2007 
Fish-eating birds 
Freshwater, 
brackish fish 
Palearctic 
700-800 X 250 
32 (16) 
Unknown 
23 X 55t 
30 X 40t 
Font et ai., 
1984; Scholz 
et ai., 2001 
Fish-eating birds 
Freshwater, 
brackish fish 
North America 
402-902 X 103-284 
55-61 (27-32) 
With 7-10 papillae 
49 X 37t 
69 X 82t 
Ascocoty7e (Ascocotyle) 
paratenuicollis 
Ascocotyle (Ascocotyle) 
secunda 
Nasir et ai., 1970 
Chicken* 
Freshwater, brackish fish 
Venezuela 
429 X 143 
22 (11) 
Simple 
65 X 38H 
50 X 54t 
Ostrowski de Nunez, 2001 
Chicken* 
Freshwater, brackish fish 
Argentina 
377-678 X 119-264 
32 (16) 
With 9 papillae 
54 X 81t 
36 X 36t 
* Adult specimens obtained only from experimental infections. 
t Obtained from figures in species descriptions. 
t Seminal vesicle not differentiated from ejaculatory duct. 
Santos 
et ai., 2007 
Fish-eating birds, raptors 
Freshwater, brackish fish 
America 
361-655 x 123-218 
32 (16) 
Simple 
32-39 x 39-55t 
25-48 x 34-60 
Ascocotyle (Ascocotyle) 
sexidigita 
Martin and Steele, 1970 
Chicken* 
Brackish, marine fish 
United States 
350-810 x 140-240 
? (29-30) 
With 6 papillae 
60 x 138t 
62 x 74t 
Ascocotyle (Ascocotyle) leighi 
Burton, 1956; Kennedy, 1988; 
Forrester and Spalding, 2003; 
Kinsella et ai., 2004 
Fish-eating birds, raccoon 
Freshwater, brackish fish 
United States 
283-402 X 84-122 
48-52 (24-26) 
Simple 
19 x 53t 
22 X 22t 
Ascocotyle (Ascocotyle) tertia 
Ostrowski de Nunez, 2001 
Chicken* 
Freshwater, brackish fish 
Argentina 
377-590 X 138-220 
32 (16) 
With 10 papillae 
60 x 127t 
25 X 22t 
Ascocotyle (Ascocotyle) 
pachycystis 
Schroeder and Leigh, 
1965; Kennedy, 1988; 
Underwood, 1990 
Raccoon, clapper rail 
Freshwater, 
brackish fish 
United States 
470-679 x 127-158 
44-58 (22-29) 
Simp1et 
74 x 63t t 
37 x 33t 
Ascocotyle (Ascocotyle) 
patagoniensis n. sp. 
Present study 
South American sea lion 
Unknown 
Argentina 
489-860 X 160-302 
36-46 (18-23) 
Simple 
43-96 X 79-170 
51-128 x 86-123 
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morphology of these 2 saccular structures must be considered 
carefully, as they are thin-walled and can change shape depending 
on the state and position of the worm. 
Because the adult stage of as many as 5 species from the 
subgenus Ascocotyle are still known only from experimental 
infections in chickens and pigeons (Table II), it is relevant to note 
that the parasites herein described were obtained from wild hosts. 
Moreover, 2 additional species, i.e., A. (A.) gem ina and A. (A.) 
leighi, have been reported from fish-eating birds or mammals 
under natural conditions (Table II), but descriptions are available 
only from experimental hosts, namely chickens and ducks 
(Burton, 1956; Font et al., 1984). Host species have been shown 
to induce significant effects on morphometric traits and allometric 
relationships in digeneans (e.g., Kinsella, 1971; Perez-Ponce de 
Leon, 1995, Mateu et al., 2011), and it would not be surprising 
that the effect is more pronounced in specimens obtained from 
unnatural hosts. Therefore, re-descriptions of most species of 
Ascocotyle (Ascocotyle) based on specimens collected from 
natural hosts would be required for a proper comparison of 
morphometric differences among species. Moreover, a genetic 
comparison of specimens from different hosts would be necessary 
to ensure the validity of the species of the subgenus Ascocotyle 
because there are no available sequences to date. 
Life cycles of Ascocotyle (Ascocotyle) species involve 3 hosts, 
i.e., a hydrobiid snail, a teleost, and a fish-eating bird or mammal 
in freshwater or brackish habitats (Font et al., 1984; Ostrowski de 
Nunez, 2001). Thus, the occurrence of A. (A.) patagoniensis in sea 
lions represents the first record of a species from this subgenus in 
a marine definitive host. The low prevalence in sea lions of the 
present study could indicate that 0. flavescens is not the principal 
definitive host of this species; however, we cannot argue this 
conclusively because the intensities of gravid parasites were high 
and, as previously mentioned, many worms could have been lost 
due to their small size. 
Unfortunately, the detection of other stages of the life cycle of 
this species has hitherto been elusive. South American sea lions 
feed principally on marine teleosts and cephalopods (Koen-
Alonso et al., 1999; N. A. Garcia, pers. comm.). However, in the 
study area, we failed to find metacercariae of Ascocotyle spp. in 
542 fish specimens from 20 species, including common fish prey 
for South American sea lions along the Argentine coast. 
Moreover, there are no records in other parasitological surveys 
(Timi and Poulin, 2003; Sardella and Timi, 2004; Vales et aI., 
2011, and references therein). Given the small size of adult worms, 
we cannot rule out that, in our fish sample, some metacercariae 
have been overlooked, particularly in microhabitats that are 
difficult to examine, e.g., in muscles. However, we thoroughly 
surveyed, by transparency, the typical' ~icrohabitats that have 
been reported for other species of Ascocotyle (Ascocotyle), so it is 
hard for us to believe that metacercariae were systematically 
missed. For some species, few specimens could be collected (see 
Table I) and, therefore, metacercariae might not have been 
recorded due to low sample size. Because our samples were 
obtained 80-330 km from the coastline, one possibility is that the 
life cycle is restricted to more coastal waters. Alternatively, the 
fish intermediate host of A. (A.) patagoniensis could be a 
euryhaline species that serves as prey for other potential definitive 
hosts, such as salt marsh or marine birds, and that it is seldom 
consumed by sea lions. In fact, Morgades et al. (2002) reported 
thousands of adult Ascocotyle (Phagicola) longa Ransom, 1920, in 
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South American sea lions from Uruguay, and A. (P.) longa is 
known to be a typical parasite from freshwater and marine birds 
(Scholz, 1999). 
Ascocotyle (A.) patagoniensis is the fourth species of the 
Ascocotyle-complex that has been reported in pinnipeds, with 
the other 3 belonging to the subgenus Phagicola Faust, 1920. 
Apart from the record of A. (P.) longa Ransom, 1920, in the 
South American sea lions noted above, Ascocotyle (Phagicola) 
sinoecum Ciurea, 1933 has been reported in the Caspian seal 
Phoca caspica (Gmelin, 1788) (Raga, 1992; Demidenko and 
Korolev, 2004) and Ascocotyle (Phagicola) septentrionalis Van 
Den Broek, 1967, in the harbor seal Phoca vitulina (L.) from the 
North Sea (Van Den Broek, 1967; Borgsteede et aI., 1991). The 2 
latter species are apparently specific to their respective hosts, with 
few records in natural conditions, other than seals in the case of 
A. (P.) sinoecum. This evidence suggests the potential for host 
switching between birds and mammals in freshwater and marine 
environments, with or without subsequent speciation of the 
parasite in the new hosts (see Hoberg and Brooks, 2008). The 
same phenomenon seems to occur in other heterophyids as well, 
e.g., Cryptocotyle lingua (Creplin, 1825) in harbor seals (see 
Borgsteede et aI., 1991) and species of Galactosomum Looss, 1899 
in sea lions (see Dailey, 1969; Dubois and Angel, 1976; Dailey et 
aI., 2002). In conclusion, although A. (A.) patagoniensis could be 
harbored by definitive hosts other than South American sea lions, 
its unique morphological traits clearly indicate that this is a new 
species within Ascocotyle. 
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DISCOVERY AND DESCRIPTION OF A NEW TRICHOSTRONGYLOID SPECIES 
(NEMATODA: OSTERTAGIINAE), ABOMASAL PARASITES IN MOUNTAIN GOAT, 
OREAMNOS AMERICANUS, FROM THE WESTERN CORDILLERA OF NORTH AMERICA 
Eric P. Hoberg, Arthur Abrams, Patricia A. Pilitt, and Emily J. Jenkins* 
U.S. National Parasite Collection and Animal Parasitic Disease Laboratory, U.S. Department of Agriculture, Agricultural Research Service, BARC 
East, Bldg 1180, 10300 Baltimore Avenue, Beltsville, Maryland 20705. e-maiI..Eric.Hoberg@ars.usda.gov 
ABSTRACT: Marshallagia lichtenfelsi sp, n. is a dimorphic ostertagiine nematode occurring in the abomasum of mountain goats, 
Oreamnos americanus, from the Western Cordillera of North America. Major and minor morphotype males and females are 
characterized and distinguished relative to the morphologically similar Marshallagia marshallil Marshallagia occidentalis from North 
America and Marshallagia dentispicularis, along with other congeners, from the Palearctic region. The configuration of the convoluted 
and irregular synlophe in the cervical region of males and females of M. lichtenfelsi is apparently unique, contrasting with a continuous 
and parallel system of ridges among those species of Marshallagia, including M. marshallilM. occidentalis, which have been evaluated. 
Specimens of M. lichtenfelsi are further defined by the rectangular form of the accessory bursal membrane (width> length) in the 
major morpho type and by the trapezoidal Sjoberg's organ in the minor morphotype, in addition to specific attributes of the spicules 
and spicule tips. We regard 12 species, including the proposed new taxon, to be valid. Primary diagnostic characters are reviewed for 
Marshallagia and a framework is presented for standardization of future descriptions incorporating the synlophe in males and females 
and the structure of the spicules and genital cone in major and minor morphotype males. The center of diversity for species of 
Marshallagia is the mountain-steppe region of central Eurasia where 11 species (including the Holarctic M. marshalli) are recognized in 
association with Caprini, Rupicaprini, and Antelopinae; only 2 species occur in the Nearctic. In this assemblage, M. lichtenfelsi is 
endemic to North America and limited in host distribution to mountain goats. An intricate history for refugial isolation and 
population fragmentation demonstrated for mountain goats and wild sheep indicates the potential for considerable cryptic diversity for 
Marshallagia and other nematodes. Shifting patterns of contact and sympatry among assemblages of ungulates during the Pleistocene 
are consistent with geographic and host colonization as a process involved in diversification of these parasites. 
Species of Marshallagia Orloff, 1933 are typical abomasal 
parasites in free-ranging and domesticated ungulates, most often 
associated with the Caprinae from the Holarctic region (Boev 
et a!., 1963; Govorka et a!., 1988; Ivashkin et a!., 1989; Hoberg 
et a!., 2001). Diversity for these ostertagiines is centered in 
Eurasia, where numerous species have been described among an 
assemblage of Caprini and Rupicaprini (sporadic reports among 
Cervidae) across the region of mountain-steppe habitats circum-
scribed by western China, Tibet, Mongolia, Kazakhstan, and 
Azerbaijan (Appendix I). Although a rich fauna characterizes the 
east-central Palearctic, only Marshallagia marshalli (Ransom, 
1907)/ M. occidentalis (Ransom, 1907), in the notation used to 
denote dimorphic males representing single species among the 
Ostertagiinae, has been recognized in North America, and this 
appears to have a broader Holarctic distribution (Wu and Shen, 
1960; Boev et a!., 1963). 
Male con specifics among Marshallagia spp. are characterized by 
polymorphism (Daskalov, 1974; Dr6zdz, 1974, 1995; Lancaster 
and Hong, 1981; Dallas et a!., 2001), a phenomenon documented 
among 5 of the 15 genera of the Ostertagiinae (Hoberg and 
Abrams, 2008; Hoberg et a!., 2009a). Discrete structural characters 
of the genital cone and spicules are associated with major 
morphotypes (referred to MarshallagiaJ and minor morphotypes 
(often referred to Grosspicuiagia Orloff, 1933) which historically 
have been relegated to different nominal species, often in separate 
genera (e.g., Orloff, 1933; Gibbons and Khalil, 1982; Dr6idz, 
1995). Respective major morphotypes are recognized by their 
numerical dominance (relative to minor morpho types) within 
infra populations involving single hosts and appear to represent a 
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balanced polymorphism (Daskalov, 1974; Dr6idi, 1974, 1995; 
Hoberg and Abrams, 2008), although seasonal variation in rela-
tive abundance has been noted (e.g., Hoberg et a!., 1999). Con-
sistent with other Ostertagiinae, the recognition, application, and 
misapplication of polymorphism among males has considerably 
confused the taxonomy and recognition of species referred to 
Marshallagia over the past century (Dr6idz, 1995; Hoberg et a!., 
1999). 
At a minimum, based on current taxonomy and recognized 
nominal taxa, there are 11 dimorphic species in Marshallagia. 
Four species have both the major and minor morphotype 
characterized or identified; 7 are known only from the major 
morpho type (Appendix 1; Dr6idi, 1995). Species limits remain 
poorly defined in .this assemblage where subtle or cryptic 
morphological differences, incomplete descriptions, and circum-
scribed differential diagnoses hinder identification (e.g., Boev 
et a!., 1963; Hu and Jiang, 1984; Luo et a!., 1993). It is probable 
that some number of named taxa in Eurasia, particularly China, 
will be found as synonyms of previously established major 
or minor morphotypes. In these cases, access to unabridged 
descriptions (beyond often attenuated summaries in English), 
accurate detailed figures, and representative specimens is especially 
problematic and complicates the possibility of complete and direct 
comparisons among otherwise similar species and respective 
morphotypes (Appendix 1). Accordingly, comprehensive revision 
of Marshallagia appears warranted but is currently intractable. 
These complications have also been confounded by inconsistent 
taxonomy applied in a diverse number of studies since the 
recognition of polymorphism as a typical phenomenon among the 
ostertagiines (Luo et a!., 1991; Dr6zdz, 1995). Taxonomy proposed 
by Durette-Desset (1989) for Marshallagia and related ostertagiines 
is disregarded, as the phenomenon of polymorphism among male 
conspecifics was not recognized in her conclusions. Further, some 
taxonomies proposed in web-based and authoritative species lists 
are rejected as these often have not been validated, are incomplete, 
818 THE JOURNAL OF PARASITOLOGY, VOL. 98, NO.4, AUGUST 2012 
and do not recognize the problems or complications associated with 
polymorphism in these nematodes (Appendix 1). 
In the current study, we explore the diversity of Marshallagia in 
North America and examine the implications of recognizing a 
previously undescribed species from the Nearctic. Marshallagia 
marshallil M. occidentalis was originally described based on major 
and minor morphotype males and a single female form found in 
domesticated sheep (Ovis aries Linnaeus) from Montana (Ransom, 
1907, 1911). Subsequently, M marshalli was found to be 
predominately a parasite of wild sheep (Ovis canadensis Shaw 
and Ovis dalli Nelson), mountain goats (Oreamnos americanus [de 
Blainville]), and pronghorn (Antilocapra americana lOrd]) from 
temperate to sub-Arctic latitudes of western North America 
(Lucker and Dikmans, 1945; Bergstrom, 1975a, 1975b; Hoberg 
et aI., 2001) and also commonly occurs in muskoxen (Ovihos 
moschatus [Zimmermann]) and occasionally barren-ground cari-
bou (Rangifer tarandus groenlandicus [Borowski]), Grant's caribou 
(Rangifer tarandus granti Allen), and Peary caribou (Rangifer 
tarandus pearyi Allen) at high latitudes of the Arctic (Kutz et aI., 
2012). A Holarctic distribution for M. marshallilM occidentalis 
appears probable given the similarity in redescriptions for major 
and minor morphotypes attributable to this species from Eurasia, 
many of which have emanated from the Russian literature 
(Skrjabin et aI., 1954; Andreeva, 1958; Boev et aI., 1963; Ivashkin 
and Mukhamadiev, 1981). Conspecificity of Marshallagia across 
this spectrum offree-ranging hosts and a broad latitudinal gradient 
from the Arctic to temperate zones requires confirmation (DroidZ, 
1995; Hoberg et aI., 1999; Dallas et aI., 2001; Hoberg et aI., 2001). It 
is possible that Marshallagia, in relation to host biogeography and 
historical patterns of expansion, fragmentation, and isolation 
(Hoberg, 2005; Shafer, Cullingham et aI., 2010), represents an 
extensive and largely cryptic complex of ostertagiines similar to 
that which is being demonstrated among species of Teladorsagia 
(Hoberg et aI., 1999; Leignel et aI., 2002). 
In this regard, Lichtenfels and Pilitt (1989) distinguished, but 
declined to name, an apparently undescribed species of Marshallagia 
associated with mountain goats from the Western Cordillera of 
North America, originally considered conspecific with M marshalli. 
These nematodes were initially differentiated by characters of the 
cervical synlophe from specimens of M marshallilM occidentalis in 
wild and domesticated sheep and other ungulate hosts (Lichtenfels 
and Pilitt, 1989). Subsequently, new collections and discovery of 
nematodes in a mountain goat from central British Columbia have 
provided the basis for a more complete assessment of this putative 
species, which is likely to be endemic to North America. 
In the current study, we propose establishment of a new species 
of Marshallagia and describe the major and minor forms and 
females of this polymorphic species. M~terials were derived from 
the current collection and geographically disjunct localities 
spanning north-central British Columbia, the region near Banff 
and Jasper, Alberta in the central Canadian Rocky Mountains, and 
into Idaho, Montana, and Wyoming. Concurrently, we examined 
the type series and numerous representative specimens for M. 
marshallil M. occidentalis in multiple caprine hosts at disparate 
localities (some in relative sympatry with mountain goats) 
extending from Nunavut, Canada, through Alaska to Wyoming 
and Montana. Further, we examined a limited number of Eurasian 
species of Marshallagia that were available. These comparative 
studies provide the context for understanding the host and 
geographic distribution of this previously unrecognized species. 
MATERIALS AND METHODS 
Specimens examined 
Nematodes in Oreamnos americanus were derived from materials held in 
the U.S. National Parasite Collection (USNPC) and through necropsy of 
a male mountain goat, collected following natural mortality, near the 
Ospika River, British Columbia by Pamela Hegenveld in March 2004 
(Table I). Additional nematodes for comparative purposes from the 
USNPC were represented by the morpho species Marshallagia marshalli 
(including the minor morphotypes designated as Ostertagia occidentalis 
or M. occidentalis) in free-ranging sheep (Ovis canadensis, 0. dalll), 
muskoxen (0. moschatus), pronghorn (Antilocapra americana), and 
domesticated sheep (Ovis aries L.) from North America (Table I). Other 
specimens from Eurasian ungulates were made available by the K. 1. 
Skrjabin Institute of Helminthology, Moscow (Marshallagia dentispi-
cularis Asadov, 1954, Marshallagia mongolica Schumakovitsch, 1938, 
Marshallagia schumakovitschi Kadyrov, 1959, and Ostertagia belockani 
Asadov, 1954) or were held in the USNPC (Marshallagia sp. and 
Ostertagia trifida Guille, Marotel and Panisset, 1911) (Table II). 
Microscopy 
Nematodes were prepared as temporary whole mounts cleared in 
phenol-alcohol (80 parts melted phenol crystals and 20 parts absolute 
ethanol) and examined with interference contrast microscopy. The 
synlophe was examined in whole mounts, with particular attention 
given to the pattern of ridge systems in the cervical zone and their 
extent posteriad, consistent with prior studies among the ostertagiines 
(Lichtenfels et aI., 1988; Hoberg et aI., 1999, 2009b). Patterns for the 
synlophe in the cervical region are defined according to Lichtenfels et al. 
(1988) and Lichtenfels and Pilitt (1989). Transverse sections were hand-cut 
with a cataract knife and mounted in glycerin jelly for 7 specimens 
representing 2 major morphotype and 3 minor morphoptype males 
(USNPC 104774, 104776, USNPC 104917) and 2 females (USNPC 
104917) in O. americanus. Sections were used to count the number of 
ridges at the mid-body and other regions of the body. This facilitated a 
comparison with data for the major and minor morphotypes of M. 
marshallilM. occidentalis from North American populations derived from 
Lichtenfels and Pilitt (1989) with the results of the current study. 
. Male and female nematodes were evaluated. Among males, the formula 
for bursal ray patterns and numbering of the bursal papillae are consistent 
with Chabaud et al. (1970) and Durette-Desset (1983). Structure and 
description of the ovejectors are consistent with Lichtenfels et aI. (2003), 
except that demarcation between sphincter-I and sphincter-2 was not 
visible in all specimens and, consequently, the anterior and posterior 
sphincters + vestibule were measured as a single unit. 
All measurements are given in micrometers unless specified otherwise. 
In the description and tables, the sample size (n =) is followed by the range 
and mean ± I SD in parentheses. Meristic data in the description are 
derived from specimens collected at Ospika River (Table III); additional 
measurements from Lichtenfels and Pilitt (1989), representing a summary 
of original raw data in USNPC archives, are presented separately 
(Table IV). Data for M. marshallilM. occidentalis are based on a series 
of measurements of specimens, from various domesticated and free-
ranging caprine hosts and a limited number of nematodes from 
pronghorn, conducted during the current study (Tables V-VII) and do 
not·include prior data from Lichtenfels and Pilitt (1989). 
Taxonomy for hosts follows Grubb (2005) in all text and tables. Hosts 
reported in the literature have been modified where necessary to conform 
to current taxonomy and usage. 
RESULTS 
DESCRIPTION 
Marshallagia lichtenfelsi Sp. n. 
(Figs. 1-32) 
General description: Trichostrongyloidea, Ostertagiinae, un-
coiled, nematodes of small to medium dimensions, reddish-brown 
in color prior to fixation. Polymorphic, with 2 male morphotypes, 
single female morphotype. Cuticle with well-developed synlophe. 
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TABLE I. Specimens of Marshallagia spp. examined in the current study including Marshallagia lichtenfelsi sp. n. (type series from type and additional 
localities) and Marshallagia marshallilM. occidentalis in free-ranging and domesticated ungulate hosts from North America. 
USNPC* Species Host Locality Specimenst 
45154 Marshallagia lichtenfelsi sp. n. Oreamnos americanus Alberta, Canada 11 1/0 
45161 M. lichtenfelsi sp. n. Or. americanus Alberta, Canada 3/0/5 
46225 M. lichtenfelsi sp. n. Or. americanus Idaho, U.S.A. 121 11 0 
46298 M. lichtenfelsi sp. n. Or. americanus Wyoming, U.S.A. 26/3/4 
46566 M. lichtenfelsi sp. n. Or. americanus Idaho, U.S.A.?t 2/0/2 
46575 M. lichtenfelsi sp. n. Or. americanus Idaho, U.S.A.?t 3/4/0 
46918 M. lichtenfelsi sp. n. Or. americanus Alberta, Canada 0/1/ 0 
56702 M. lichtenfelsi sp. n. Or. americanus Wyoming, U.S.A. 151 01 10 
58743 M. lichtenfelsi sp. n. Or. americanus Alberta, Canada ----------§ 
10477311 M. lichtenfelsi sp. n. Or. americanus Alberta, Canada 11112 
104774# M. lichtenfelsi sp. n. Or. americanus Alberta, Canada 22/71 10 
104776# M. lichtenfelsi sp. n. Or. americanus Alberta, Canada 5/9/9 
10491311 M. lichtenfelsi sp. n. Or. americanus Alberta, Canada 011/ 0 
104914~ M. lichtenfelsi sp. n. Or. americanus British Columbia 11 01 0 
104915~ M. lichtenfelsi sp. n. Or. americanus British Columbia 0/0/1 
104916~ M. lichtenfelsi sp. n. Or. americanus British Columbia 0/11 0 
104917** M. lichtenfelsi sp. n. Or. americanus British Columbia 33/8/35 
45507 Marshallagia marshalli Antilocapra americana South Dakota 0/0/1 
45555 M. marshalli A. americana Montana, U.S.A. 0/01 I 
87957 M. marshalli A. americana Wyoming, U.S.A. 1/ 01 0 
104770# M. marshalli Or. americanus Alberta, Canada 1/0/0 
104775# M. marshallilMarshallagia occidentalis Or. americanus Alberta, Canada 112/0 
56742 M. marshallilM. occidentalis Ovis canadensis Montana, U.S.A. 0/1111 
56743 M. marshalli 0. canadensis Montana, U.S.A. 3/0/0 
59207 M. marshalli O. canadensis Montana, U.S.A. 8/0/9 
59745 M. marshalli O. canadensis British Columbia 5/0/0 
59746 M. occidentalis O. canadensis British Columbia 0/4/0 
66603 M. occidentalis O. canadensis Alberta, Canada 0/6/0 
103047 M. occidentalis Ovis dalli Alaska, U.S.A. 0/4/0 
103053 M. marshalli O. dalli Alaska, U.S.A. 4/0/0 
103069 M. marshalli 0. dalli Alaska, U.S.A. 11 0/8 
103070 M. occidentalis O. dalli Alaska, U.S.A. 0/8/0 
103090 M. marshalli O. dalli Alaska, U.S.A. 13/0/3 
103091 M. occidentalis O. dalli Alaska, U.S.A. 0/5/0 
104897 M. marshalli O. dalli Alaska, U.S.A. 0/0/8 
91538 M. occidentalis Ovibos moschatus Nunavut, Canada 0/1/ 0 
91559 M. marshalli Ov. moschatus Nunavut, Canada 9/0/0 
91570 M. occidentalis Ov. moschatus Nlfnavut, Canada 0/1/0 
92073 M. occidentalis Ov. moschatus Nunavut, Canada 01210 
95953 M. marshalli Ov. moschatus Nunavut, Canada 0/01 10 
96129 M. occidentalis Ov. moschatus Nunavut, Canada 0/2/0 
96254 M. occidentalis Ov. moschatus Nunavut, Canada 01310 
96342 M. occidentalis Ov. moschatus Nunavut, Canada 0/2/0 
99164 M. marshalli Ov. moschatus Nunavut, Canada 6/0/9 
99165 M. occidentalis Ov. moschatus Nunavut, Canada 0/1/ 0 
103053 M. marshalli Ov. moschatus Nunavut, Canada 1/ 01 0 
4689 (type) M. marshalli . ' Ovis aries Montana, U.S.A. 7/0/0 
4691 (type) M. occidentalis Ov. moschatus Montana, U.S.A. 0/2/0 
14467 M. marshalli Ov. moschatus Montana, U.S.A. 8/0/2 
14488 M. marshalli Ov. moschatus Montana, U.S.A. 11 01 0 
14878 M. marshalli Ov. moschatus Montana, U.S.A. 0/0/9 
15587 M. occidentalis Ov. moschatus Montana, U.S.A. 0/1/ 0 
15864 M. marshalli Ov. moschatus Montana, U.S.A. 1/ 01 1 
16219 M. marshalli Ov. moschatus Colorado, U.S.A. 0/01 I 
16315 M. marshalli Ov. moschatus Colorado, U.S.A. 1/ 01 0 
16320 M. marshalli Ov. moschatus Colorado, U.S.A. 0/0/3 
(Table I continued) 
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TABLE I. Continued. 
USNPC* Species Host Locality Specimenst 
16322 
16324 
29493 
M. marshalli 
M. occidentalis 
M. marshalli 
Ov. moschatus Colorado, U,S.A, 0/0/ 1 
Ov. moschatus Colorado, U.S.A. 0/ I/O 
Ov. moschatus Idaho, U.S.A. 2/0/0 
* Catalogue numbers from the U.S, National Parasite Collection, 
t Specimens designated as forma major 0'1 forma minor 0'1 and 9. 
t Collection sites designated as "Idaho'?" were originally listed as Pullman, Washington, a locality that is not within the geographic range for Oreamnos americanus. The field 
collector, O. J. Hummon, had however collected specimens from sites in Idaho and these appear to have been transported to the veterinary college at Washington State 
University located in Pullman, WA. 
§ USNPC 58743, representing a mountain goat from Pinto Creek, Alberta was reported to have been Marshallagia occidentalis based on the original collection record, and 
these are likely to have been M. lichtenfelsi. These specimens could not be examined as they had been loaned to researchers at the University of Alberta and were not 
returned to the USN Pc. 
II USNPC 58736 and 58738 represented mixed infections of M. lichtenfelsi and Teladorsagia cf boreoarcticus; specimens of the latter are retained under the original numbers 
and those of M. lichtenfelsi are reallocated, respectively, to USNPC 104773 and 104913. 
# USNPC 58746 and 58748 represented mixed infections of M. lichten/e!si, M. marshalli, and T cf boreoarcticus; specimens of Teladorsagia were retained in the original 
numbers. Specimens of M lichtenjdsi and M. marshalli from 58746 were reallocated under USNPC 104774 and 104770, respectively, Specimens of M. lichtenfelsi and M. 
marshalli from 58748 were reallocated undcr USNPC 104776 and 104775, respectively. 
<; Holotype male (major morphotype), allotype female, and paratype male (minor morphotype) from type locality at Ospika River, British Columbia, Canada. 
** Additional specimens in the type series including both male morphotypes and females from type locality at Ospika River, 
Cervical papillae (CP) prominent, triangular, thorn-like, situated 
posterior to sub-ventral gland orifices (SVGO) and excretory pore 
(EXP) near mid-length of esophagus. Cuticular ornamentation at 
EXP lacking. Esophagus with prominent valve at esophageal-
intestinal junction (Ell). 
Synlophe: Synlophe bilaterally symmetrical, with ridges extend-
ing from base of cephalic expansion to near caudal extremity; to 
level of pre bursal papillae (PBP) in male morphotypes, posterior 
to anus in females. Ridges acutely pointed, with perpendicular 
orientation and absence of gradient as viewed in transverse 
section. Anterior to esophageal-intestinal junction (Ell), lateral 
cervical pattern complex and irregular. Ventral-most ridge 
generally continuous through cervical zone to near Ell, later 
becoming intermittent; definable sub-ventral and sub-dorsal 
ridges absent. Lateral-most ridge miniscule, in right and left 
fields, generally continuous throughout body length; laterally, 
incomplete or interrupted 3-ridge parallel system evident in some 
specimens. Synlophe otherwise characterized by irregular pattern 
of sinuous, discontinuous ridges in all fields. Convoluted pattern 
of intermittent ridges extends posterior to Ell into third quarter 
of body in males and females, becoming largely parallel in dorso-
ventral and lateral fields; posterior to Ell with 5-8+ narrowly 
spaced ridges in each field laterally; interval between ridges 
consistently greater dorso-ventrally than laterally at all levels of 
body. Maximum number of ridges attained from end of first 
quarter into mid-body and through third quarter in males, near 
mid-body in females; in cervical zone about 20 ridges extend to 
base of cephalic expansion. In major and minor morphotype, 
males with 37-44 ridges near level of Ell, 37-57 in first quarter, 
52-58 at mid-body, 55-58+ in third quarter, 22-26 anterior to 
bursa, and PBP retained only in lateral fields. In females, 37-42 
ridges near level of Ell, 46-52 in first quarter, 52-56 at mid-body, 
42-44 in third quarter, 41+ at level of vulva, 48-50 anterior to 
anus adjacent to tail. 
Male (Marshallagia lichtenfelsi forma major): Nematodes of 
small to medium dimensions with prominent, elongate, copulatory 
TABLE II. Specimens of Marshal/agia spp. examined from hosts and localities across Eurasia. 
Museum 
9094t 
14781t 
19478t 
6195t 
9096t 
1 4777t§ 
14977t§ 
15000t 
22287t 
22288t 
70162t 
17314t 
70163t 
Species 
Marshal/agia dentispicularis 
M. denti:,picuiaris 
M. dentispicuiaris 
Marshal/agia mongo/ica 
M. mongo/ica . , 
Marshallagia schumakovitschi 
M. schumakovitschi 
M. schumakovitschi 
M, schumalwvitschi 
M. schumakovitschi 
Marshal/agia sp.11 
Marshallagia be/ockani 
Marshallagia trifida 
Host 
Ovis aries 
Saiga tatarica 
S tatarica 
0. aries 
0. aries 
S tatarica 
S tatarica 
0. aries 
0. aries 
0. aries 
0. aries/Capra hircus 
Capra aegagrus 
0. aries 
Locality Specimens * 
Mongolia 50' 
Volgagrad District, Russia 40' 
Volgagrad District, Russia 50' 
Mongolia 30' 
Mongolia 50' 
Volgagrad District, Russia 80' 
Volgagrad District, Russia 50' 
Kirgizstan 50' 
Kirgizstan 20' 
Kirgizstan 50' 
Pakistan II 0' 
Azerbaijan 20' 
Pakistan 10' 
* Based on examination of major morphotype males except for the minor morphotypes represented by M. belockani and M. fri/ida. The latter species were originally named 
in Ostertagia (Appendix I). 
t Catalogue numbers from the K. 1. Skrjabin Institute of Helminthology (KIS), Central Helminthological Museum, Moscow, Russia. 
§ Numbers designated as KIS 14777 and 14977, originally identifIed as M. dentispicularis, were redetermined as M. schumakovitschi in the current study based on structure of 
the spicule tips. 
t Catalogue numbers from the U.S. National Parasite Collection. 
II Specimens most closely resemble M. schumakovitschi. The minor morphotype may be represented by USNPC 70163 based on the cervical synlophe. 
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TABLE III. Marshallagia lichtenfelsi sp. n. with morphometric data for the type series including major and minor morphotype males and female 
specimens in Oreamnos americanus from the type locality, Ospika River, British Columbia. 
Characters 
Marshallagia lichtenfelsi 
forma major 0' 
20 
M. lichtenfelsi 
forma minor 0' 
9 
M. lichterifelsi 9 
15 Number examined* 
Body length 
Cephalic capsule 
Esophagus length 
(19) 11,115-14,600 (12,336 ± 736) 
(18) 85-112 (97 ± 8) 
(8) 13,560-14,700 (14,354 ± 349) 
(8) 92-118 (106 ± 8) 
(15) 14,965-20,320 (17,149 ± 1,278) 
(15) 85-112 (99 ± 9) 
(18) 600-745 (694 ± 36) (8) 700-795 (752 ± 36) (15) 675-800 (740 ± 38) 
Esophagus % of body length 
Esophageal-intestinal valve length 
Esophageal-intestinal valve width 
Subventral esophageal gland orifices 
Nerve ringt 
(18) 5.0-6.2 (5.6 ± 0.4) (8) 4.9-5.5 (5.2 ± 0.2) (15) 3.9-5.0 (4.3 ± 0.3) 
(20) 110-142 (121 ± 8) (8) 112-140 (124 ± 10) (15) 118-145 (128 ± 8) 
(20) 38-62 (51 ± 6) (8) 38-62 (54 ± 8) (15) 45-68 (57 ± 6) 
Excretory poret 
Cervical papillaet 
Spicule length, left 
Spicule, left, % trifurcation 
Spicule length, right 
(19) 230-296 (279 ± 16) 
(8) 234-292 (271 ± 17) 
(19) 260-365 (321 ± 22) 
(19) 318-408 (358 ± 23) 
(20) 250-290 (269 ± 12) 
(20) 73-78 (76 ± 2) 
(8) 275-312 (297 ± 15) 
(6) 265-315 (294 ± 16) 
(8) 288-358 (337 ± 24) 
(8) 322-405 (378 ± 26) 
(9) 292-327 (311 ± 11) 
(9) 56-61 (58 ± 2) 
(15) 262-316 (290 ± 16) 
(12) 240-294 (267 ± 14) 
(15) 295-366 (326 ± 21) 
(15) 310-410 (358 ± 25) 
Spicule, right, % trifurcation 
Dorsal ray length 
(20) 240-282 (262 ± 12) 
(20) 73-78 (76 ± I) 
(9) 282-327 (302 ± 14) 
(9) 58-61 (59 ± I) 
Dorsal ray, % bifurcation 
(18) 295-385 (352 ± 26) 
(18) 66-79 (73 ± 4) 
(7) 230-295 (259 ± 24) 
(7) 67-78 (71 ± 4) 
Bursa length (20) 450-600 (526 ± 43) (9) 450-518 (482 ± 24) 
Vulva positiont 
Vulva, % body length 
Anterior infundibulum length 
Anterior sphincter and vestibulet 
Posterior infundibulum length 
Posterior sphincter and vestibulet 
Ovejector length 
Eggs length X width 
Tail length 
• Data presented as (n =) range (mean ± I SD). 
t Determined from cephalic extremity. 
~ Sphincter includes combined sphincter-I, sphincter-2, and vestibule. 
bursa. Total body length (n = 20) 11,115-14,600 (12,336 ± 736); 
maximum width attained at pre-bursal papillae. Cephalic vesicle (n 
= 18) 85-112 (97 ± 8) long. Esophagus (n = 18) 600--745 (694 ± 
36) long; 5.0--6.2% (5.6 ± 0.4) of total body length. Esophageal 
valve (n = 20) 110--142 (121 ± 8) long, 38-62 (51 ± 6) in maximum 
width. Nerve ring (NR) (n = 8) 234--292 (271 ± 17), SVGO (n" = 
19) 230--296 (279 ± 16), EXP (n = 19) 260-365 (321 ± 22), CP (n = 
19) 318-408 (358 ± 23) from cephalic extremity. 
Copulatory bursa symmetrical, elongate, strongly bilobed, 
lacking prominent dorsal lobe; lateral bursal rays disposed in 
2-1-2 pattern; length of bursa from PBP (n = 20) 450--600 (526 ± 
43). Ventral or "0" papillae paired, narrow, strongly divergent, 
elongate, on ventral aspect of genital' ~one; PBP prominent. 
Bursal rays generally narrow, elongate, nearly all reaching margin 
of copulatory bursa. Rays 2/3 curved ventrally, convergent at tips. 
Rays 4/5 of near-equal length, strongly divergent distally. Rays 6, 
parallel to rays 5. Rays 7 strongly divergent, straight, contained in 
rectangular, wider than long, delicate accessory bursal membrane 
(ABM) situated on dorsal aspect of genital cone; ABM with 
median chitinized bar extending from anterior margin to near 
posterior border of membrane. Externo-dorsal, rays 8, narrow, 
highly elongate, supporting dorsal aspect of bursal membrane. 
Dorsal ray arising symmetrically or asymmetrically from common 
origin with rays 8; length of dorsal ray < externo-dorsal rays. 
Dorsal ray (n = 18) 295-385 (352 ± 26) in length, with primary 
(15) 11,300-15,715 (13,250 ± 1,070) 
(15) 76-80 (77 ± 1.2) 
(10) 235-348 (285 ± 41) 
(15) 290-455 (388 ± 41) 
(13) 262-360 (303 ± 30) 
(12) 300-400 (366 ± 30) 
(12) 740-1,422 (1,270 ± 189) 
(25) 155-190 (174 ± 9.3) X 55-95 (76 ± 9.6) 
(15) 280-375 (323 ± 28) 
bifurcation (n = 18) at 66-79% (73) of length from anterior; 
laterally directed papillae near tip, terminating in rays 9110. 
Genital cone prominent, complex, with well-developed, cuticu-
larized telamon surrounding cloaca; proconus lacking. 
Spicules alate, narrow, trifurcate, bent or curved in lateral view, 
symmetrical, near equal, with tendency for right spicule < left 
spicule in length; right spicule (n = 20) 240--282 (262 ± 12) with 
trifurcation 73-78% (76 ± 1.0) from anterior; left spicule (n = 20) 
250--290 (269 ± 12) with trifurcation at 73-78% (76 ± 2.0); 
trifurcation at level of weakly developed eyelet. Main shaft 
of each spicule terminates in narrow, medially curved, sharply 
pointed foot enveloped by small, balloon-like membrane; ventral 
and dorsal processes of dissimilar structure and length. Ventral 
process straight, narrow, parallel throughout (n = 10), 52-62 in 
length, extending to near distal end of main shaft, terminating in 
small, bulbous, asymmetrical, strongly chitinized knob-like tip, 
with 2-3 miniscule rounded denticulate projections. Dorsal process 
weakly chitinized, relatively broad, recurved, cupped distally near 
triangular tip, (n = 10) overall 31-44 in length, extending 57-77% 
of ventral process from trifurcation; chitinized transverse bar 
across dorsal ala of spicule in dorso-ventral view about 58-60% of 
distance from capitulum. Gubernaculum present, poorly chiti-
nized, cryptic in dorso-ventral view, body appears as granular, 
rounded cone extending anteriad from chitinized transverse basal 
plate; overall (n = 5) 41-51 in length, 16-25 in maximum width 
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TABLE IV. Morphometric data for Marshallagia lichtenfelsi sp. n. based on paratype specimens in Oreamnos americanus from Alberta, Idaho, and 
Montana as originally presented in Lichtenfels and Pilitt (1989)* 
Characters 
Marshallagia lichtenfelsi 
forma major 0' 
13 
M. lichtenfelsi 
forma minor 0' 
15 
M. lichtenfelsi 9 
7 Number examined 
Body length 
Esophagus length 
(13) 9,240-12,800 (10,872 ± 1,153) t 
(13) 628-908 (716 ± 69) 
(15) 11,200-14,800 (12,797 ± 1,035) 
(15) 680-836 (773 ± 42) 
(7) 11,400-18,900 (14,900 ± 2,835) 
(7) 760-796 (774 ± 14) 
Esophagus % of body length 
Esophageal-intestinal valve length 
Subventral esophageal gland 
(13) 5.5-8.0 (6.6 ± 0.7) (15) 5.3-7.1 (6.1 ± 0.5) (7) 4.1-6.8 (5.4 ± 1) 
(13) 100-188 (127 ± 25) (15) 100-158) (126 ± 16) (7) 112-144 (134 ± 11) 
orificest 
Nerve ringt 
Excretory poret 
Cervical papillaet 
Spicule length (left and right) 
Vulva position 
(13) 252-364 (283 ± 31) 
(13) 220-280 (263 ± 21) 
(13) 248-340 (30 I ± 33) 
(13) 248-380 (328 ± 40) 
(13) 240-292 (268 ± 16) 
(IS) 232-324 (288 ± 29) 
(15) 200-300 (274 ± 24) 
(14) 280-376 (343 ± 25) 
(15) 312-420 (369 ± 26) 
(15) 292-348 (327 ± 17) 
(7) 220-332 (286 ± 37) 
(7) 220-300 (263 ± 27) 
(7) 232-364 (294 ± 52) 
(7) 232-396 (316 ± 58) 
Vulva, % body length 
Anterior ovejector§ 
Posterior ovejector§ 
Ovejector length 
Eggs length X width 
Tail 
(7) 8,641-14,591 (11,474 ± 2,306) 
(7) 74-80 (77 ± 2) 
(5) 480-804 (657 ± 116) 
(5) 400-760 (608 ± 133) 
(5) 880-1,564 (1,265 ± 249) 
(18) 172-193 (182 ± 8) X 82-93 (88 ± 5) 
(7) 216-324 (276 ± 44) 
* Calculated from original raw data for male and female specimens as documented in Lichtenfels and Pilitt (1989); Marshallagia Lichtenfelsi forma major reported as 
Marshallagia sp. and M. lichtenfelsi f. minor reported as Ostertagia sp. Actual lot numbers from the USNPC were not reported in the original study. These series of 
measurements generally correspond to those completed in the current study, although all characters now considered important for these ostertagiines were not completely 
assessed by Lichtenfels and Pilitt (1989). 
t Data presented as (n =) range (mean ± 1 SO). 
t Determined from cephalic extremity. 
§ Ovejectors include infundibulum, sphincter, and vestibule. 
near base; sinuous in lateral view, about 65 long including a 
posteriorly directed tail not visible in dorso-ventral view. 
Male (Marshallagia lichtenfelsi forma minor): Nematodes of 
small to medium dimensions with prominent, elongate copulatory 
bursa. Total body length (n = 8) 13,560-14,700 (14,354 ± 349); 
maximum width attained at PBP. Cephalic vesicle (n = 8) 92-118 
(106 ± 8) long. Esophagus (n = 8) 700-795 (752 ± 36) long; 4.9-
5.5% (5.2 ± 0.2) of total body length. Esophageal valve (n = 8) 
112-140 (124 ± 10) long, 38-62 (54 ± 8) in maximum width. NR 
(n = 6) 265-315 (294 ± 16), SVGO (n =8) 275-312 (297 ± 15), 
EXP (n = 8) 288-358 (337 ± 24), CP (n = 8) 322-405 (378.± 26) 
from cephalic extremity. 
Copulatory bursa symmetrical, elongate, strongly bilobed, 
lacking prominent dorsal lobe, structure as in major morphotype; 
lateral bursal rays disposed in 2-1-2 pattern; length of bursa from 
PBP (n = 9) 450-518 (482 ± 24). Ventral or "0" papillae paired, 
narrow, strongly divergent, markedly elongate on ventral aspect of 
genital cone; pre-bursal papillae prominent. Bursal rays generally 
narrow, elongate, nearly all attaining margin of copulatory bursa; 
disposition similar to that in M. lichtenfelsi forma major. Rays 7, 
sinuous, weakly divergent distally, contained in tapering, trapezoi-
dal, distally bilobed, delicate Sjoberg's organ situated on dorsal 
aspect of genital cone. Dorsal ray (n = 7) 230-295 (259 ± 24) in 
length, with primary bifurcation (n = 7) at 67-78% (71 ± 4.0) of 
length from anterior; laterally directed papillae near tip, terminat-
ing in rays 9110. Genital cone prominent, complex, with well 
developed, chitinized telamon surrounding cloaca; proconus 
lacking. Bilobed membrane on antero-ventral aspect of genital 
cone prominent at level of paired "0" papillae. 
Spicules alate, robust, trifurcate, straight in lateral view, 
symmetrical, near equal, with prominent eyelet at level of 
trifurcation; right spicule (n = 9) 282-327 (302 ± 14) with 
trifurcation 58-61 % (59 ± 1.0) from anterior; left spicule (n = 9) 
292-327 (311 ± 11) with trifurcation at 56-61% (58 ± 2.0). Main 
shaft of each spicule terminates in robust, curved hyaline 
foot. Dorsal, ventral processes near equal in length, extending 
approximately 77-83% of length of spicule tip from trifurcation. 
Ventral process narrow, straight, acutely pointed. Dorsal process 
broad, with transverse chitinized bar dorsally demarcating 
triangular tip; in lateral view with dorsally directed barb. 
Gubernaculum ovoid in anterior with narrow posterior extension 
or tail in dorsal-ventral view, poorly chitinized, (n = 4) 78-111 
long, 13-23 in maximum width; sinuous, narrow in lateral view. 
Female: Small to medium nematodes, generally straight. Total 
length (n = 15) 14,965-20,320 (17,149 ± 1,278); maximum width 
attained near level of vulva. Cephalic vesicle (n = 15) 85-112 (99 
± 9.0) long. Esophagus (n = 15) 675-800 (740 ± 38) long; 3.9-
5.0% (4.3 ± 0.3) of total body length. Esophageal valve (n = 15) 
11'8-145 (128 ± 8.0) long, 45-68 (57 ± 6.0) in maximum width. 
SVGO (n = 15) 262-316 (290 ± 16), NR (n = 12) 240-294 (267 ± 
14), EXP (n = 15) 295-366 (326 ± 21), CP (n = 15) 310-410 (358 
± 25) from cephalic extremity. 
Ovaries didelphic. Vulva transverse, ventral, situated at (n = 
15) 11,300-15,715 (13,250 ± 1,070), or 76-80% (77 ± 1.2) of body 
length, from anterior. Vulval flap present in (based on n = 42 
females) 43% of specimens; flap absent in 57% of specimens; 
cuticular inflations or fans only present in absence of flap, 
disposed antero-ventrally, postero-ventrally, or laterally to vulva 
in 30% of specimens; vulval flap rectangular, with straight 
posterior margin. Ovejectors (n = 12) 740-1,422 (1,270 ± 189) 
in total length, including anterior-posterior infundibulum, 
sphincters, vestibule; distinction between bulb-like sphincter-l 
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(Sl) and muscular sphincter-2 (S2) indistinct. Anterior infundib-
ulum (n = 10) 235-348 (285 ± 41) long; sphincter, with Sl, S2 + 
vestibule (n = 15), 290-455 (388 ± 41) in length. Posterior 
infundibulum (n = 13) 262-360 (303 ± 30) long; sphincter (n = 
12) 300-400 (366 ± 30) in length. Eggs, large, (n = 25, from 4 
specimens) 155-190 (174 ± 9.3) long, 55-95 (76 ± 9.6) wide; 
arranged in single lines in anterior and posterior uterine limbs. 
Tail conical, strongly tapering to narrow terminal end with 
slightly bulbous tip, (n = 15) 280--375 (323 ± 28) in length. 
Taxonomic summary 
Host: Type, and currently only known, host, Oreamnos 
americanus (de Blainville). 
Specimens: Holotype male representing M. lichtenfelsi forma 
major USNPC 104914, allotype female USNPC 104915, and 
paratype male representing M. lichtenfelsi forma minor USNPC 
104916 from type host and locality. Additional male and female 
paratypes (USNPC 104917) from type locality. 
Locality: Type locality: South of Mt. Lady Laurier and 
near Ospika River, central British Columbia, ca. 56°47' 57"N, 
123°47'03"W, during January 2004 by P. Hengeveld. Other 
localities and specimens in the type series: (1) USNPC 104773 
and 104913 on 1 September 1961; 104774 on 18 May 1963, and 
104776 on 6 June 1963 from the central Canadian Rocky 
Mountains, Mt. Hammell, Alberta, ca. 54°05'N, 119°05'W, by 
G. R. Kerr; (2) USNPC 46298 and 56702, Yellowstone National 
Park, Buffalo Ranch, Wyoming, by L. Seghetti, 13 May 1948; (3) 
USNPC 58743, Pinto Creek, Alberta, ca. 53°48'N, 118°50'W, by 
G. R. Kerr, 2 September 1961; (4) USNPC 46918, Berland River 
Alberta, by W. E. Swales, 15 November 1950. Also documented 
by specimens, but without complete geographic data for 
collection, as M. marshalli and o. occidentalis from: (1) Idaho, 
1941 by O. J. Hummon (USNPC 46225 and 46575); and (2) 
Banff, Alberta, Canada, by I. McTaggart Cowan (USNPC 45154 
and 45161). Specimens attributed to hosts in Washington State 
(reported as Pullman, WA) by o. J. Hummon during March 1942 
and on 9 April 1943 (USNPC 46566, 46575) remain without 
known provenance,·· given that this region does not represent 
habitat for Oreamnos americana, but they are likely to have been 
collected in Idaho. Lichtenfels and Pilitt (1989) listed Alaska 
incorrectly as a locality and this record represents a host from 
Berland River, Alberta (as indicated above). 
Etymology: Marshallagia lichtenfelsi sp. n. is named in honor 
of J. Ralph Lichtenfels, former Curator of the USNPC, 
recognizing his substantial contributions to the systematics of 
the Ostertagiinae. 
Remarks 
Marshallagia, with the characterization of M. lichtenfelsi sp. 
n., is considered to contain 12 polymorphic species, with 5 based 
on both major and minor morphotype males and 7 in which 
the putative minor morphotype remains to be discovered or 
described (Appendix 1); females are known for 6 species, 
including M. lichtenfelsi. Overall, species of Marshallagia are 
diagnosed by the structure of the copulatory bursa and dorsal 
ray (exceptionally long and narrow rays), long divergent "0" 
papillae, and configuration of the spicules among males and by 
a generally long, sinuous tail and very large eggs among females 
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TABLE VI. Morphometric data for male specimens (minor morphotype) of the morphospecies Marshallagia marshallil M. occidentalis in free-ranging and 
domestic ungulates from North America, based on new observations during the current study.* 
Characters 
Number examined 
Body length 
Cephalic capsule 
Esophagus length 
Esophagus % of body length 
Esophageal-intestinal valve length 
Esophageal-intestinal valve width 
Subventral esophageal gland orifices 
Nerve ringt 
Excretory poret 
Cervical papillaet 
Spicule length, left 
Spicule, left, % trifurcation 
Spicule length, right 
Spicule, right, % trifurcation 
Dorsal ray length 
Dorsal ray, % bifurcation 
Bursa length 
Ovibos moschatus 
12 
(12) 9,830-15,175 (13,550 ± 1,952)t 
(7) 95-125 (108 ± 12) 
(12) 745-1,020 (938 ± 80) 
(12) 5.9-8.5 (7 ± 0.7) 
(12) 130-188 (161 ± 17) 
(12) 42-55 (49 ± 4) 
(12) 332-402 (369 ± 18) 
(7) 312-346 (329 ± 14) 
(12) 332-445 (395 ± 37) 
(12) 352-475 (427 ± 40) 
(12) 305-342 (325 ± 14) 
(12) 56-60 (58 ± 1) 
(12) 298-338 (318 ± 14) 
(12) 56-61 (58 ± 1.5) 
(8) 188-300 (252 ± 35) 
(8) 66-82 (74 ± 5) 
(11) 350-575 (500 ± 62) 
Ovis dalli 
17 
(17) 7,900-12,600 (9,917 ± 1,496) 
(12) 85-115 (101 ± 8) 
(17) 725-930 (820 ± 56) 
(17) 6.9-10.3 (8,4 ± 1) 
(17) 102-150 (126 ± 13) 
(17) 35-55 (46 ± 6) 
(17) 272-372 (326 ± 22) 
(12) 190-326 (279 ± 35) 
(17) 240-435 (358 ± 45) 
(17) 250-460 (382 ± 45) 
(17) 242-285 (262 ± 11) 
(17) 55-60 (57 ± 1) 
(17) 240-278 (259 ± 10) 
(17) 55-59 (58 ± 1) 
(13) 160-220 (196 ± 22) 
(13) 61-78 (69 ±5) 
(16) 350-435 (387 ± 26) 
Ovis canadensis 
11 
(11) 8,900-14,700 (12,335 ± 1,643) 
(7) 82-115 (99 ± 12) 
(10) 790-1,005 (858 ± 71) 
(10) 5.7-8.9 (7.1 ± 1) 
(10) 120-160 (141± 17) 
(10) 44-70 (58 ± 8) 
(10) 305-366 (331 ± 17) 
(10) 280-325 (301 ± 16) 
(11) 325-420 (376 ± 27) 
(11) 368-450 (409 ± 28) 
(10) 278-315 (293 ± 12) 
(10) 56-60 (58 ± 1) 
(10) 275-312 (289 ± 12) 
(10) 56-59 (58 ± 1) 
(3) 188-270 (229 ± 41) 
(3) 72-78 (74 ±3) 
(8) 290-530 (460 ± 78) 
• Few specimens attributable to M. occidentalis in domesticated sheep were available for study. As a consequence, data from these lots are not included herein. Material of 
this morphotype reported in Lichtenfels and Pilitt (1989) predominately included lots from Ovis aries/Ovis dalli hybrids. 
t Data presented as (n =) range (mean ± I SD). 
t Determined from cephalic extremity. 
(Orloff, 1933; Andreeva, 1956; Boev, 1963; Durette-Desset, 
1983). 
Although M lichtenfelsi is distinct, relative to comparisons 
outlined below, there remains considerable disagreement over 
species diversity within the genus. Complications for taxonomy 
arise, in part, from a nearly impenetrable literature from central 
Asia; differing opinions about what species should, or should not, be 
included in the genus; and how different authorities treat the 
phenomenon of polymorphism (e.g., Durette-Desset, 1989; Dr6idZ, 
1995). For example, among the many species referred to Grosspi-
culagia (the putative minor morphotype forms for Marshallagia 
according to Dr6idi [1995]), some are compatible with Marshallagia 
whereas others are clearly referable to other genera within the 
Ostertagiinae (Appendix 1). Confusion has been confounded by the 
release of some authoritative, web-based taxonomies which simply 
list species names irrespective of synonymy or polymorphism; this 
may be a general problem for the Ostertagiinae in such data 
resources. Further, names are often represented without specific 
reference to the authorities on which these broader taxonomic 
decisions are based. Thus, in the case of one such resource, there are 
24 taxa listed in Marshallagia and, among these, only 10 are valid 
species considering synonomies (includihg 4 with major and minor 
morphotypes) and 6 should be relegated to other genera; an 
additional valid species from China (Marshallagia singkiangensis Wu 
and Shen, 1960) was completely missed in the compilation, as was 
the minor morphotype for Marshallagia schmakovitschi Kadyrov, 
1959 (Appendix 1). Consequently, as a basis for taxonomic 
comparisons and recognition of M lichtenfelsi, we have reviewed 
the status of all species that have been linked to Marshallagia, with 
annotations about validity and structural characters (Appendix 1). 
Among 12 species in the genus, most have been incompletely 
described and only 5 (including M. lichtenfelsz) have had the 
synlophe characterized. Lichtenfels et aI. (1988) provided the 
initial descriptions of the cervical synlophe among some genera 
and species of Ostertagiinae and later explored this character in 
M. marshallilM occidentalis based on North American specimens 
(Lichtenfels and Pilitt, 1989; Lichtenfels and Hoberg, 1993). These 
investigations and subsequent studies of the synlophe among 
various genera and species among the Ostertagiinae have 
established the utility of this character, in most cases, for 
unequivocal identification of conspecific male morphotypes and 
females (Lichtenfels and Hoberg, 1993; Hoberg et aI., 2009b). 
Specimens of M. lichtenfelsi, including male morphotypes and 
females, have a unique synlophe relative to populations of M. 
marshalli that have been examined in North America (Figs. 1-5; 
Table I, current study; Lichtenfels and Pilitt, 1989). Populations 
of M marshalli it) domesticated sheep and an array of free-
ranging ungulates including muskoxen, Dall's sheep, bighorn 
sheep, and pronghorn all are characterized by a largely parallel 
synlophe defined by a continuous, 3-ridge lateral system that 
grades to 5+ ridges posterior to the EU. In this system, a series of 
ridges originate in the sub-lateral fields and terminate along the 
lateral field (Lichtenfels and Pilitt, 1989; Lichtenfels and Hoberg, 
1993). Ventrally through the excretory pore, and dorsally, the 
sYfllophe is largely parallel and continuous. 
The synlophe has not been universally evaluated across all 
species in the genus, particularly from those considered endemic 
to Eurasian localities (Lichtenfels and Pilitt, 1989). Based on a 
limited number of specimens across 3-4 species, however, it is 
apparent that, laterally, a 1- or 3-ridge system in the cervical zone 
with 3-5+ continuous parallel ridges in lateral fields posterior to 
the EU is characteristic in M. mongolica Schumakovitsch, 1938, 
M dentispicularis Asadov, 1954, and M schumakovitschi and 
probably in Marshallagia skrjabini Asadov, 1954 (Appendix 1). 
The cervical synlophe is parallel in specimens of Marshallagia 
grossospiculum Li, Yin, Kong and Jang, 1987 (the putative minor 
morphotype of M mongolica) as depicted in the original 
description (Li et aI., 1987). The synlophe is parallel in 
TABLE VII. Morphometric data for female specimens of the morphospecies Marshallagia marshalli in free-ranging and domestic ungulates from North America, based on new observations during 
the current study. 
Characters 
Number examined 
Body length 
Cephalic capsule 
Esophagus length 
Esophagus % of body length 
Esophageal-intestinal valve length 
Esophageal-intestinal valve width 
Subventral esophageal gland orifices 
Nerve ringt 
Excretory poret 
Cervical papillaet 
Vulva position 
Vulva, % body length 
Anterior infundibulum length 
Anterior sphincter and vestibule 
Posterior infundibulum length 
Posterior sphincter and vestibule 
Ovejector length 
Eggs length X width 
Tail 
Ovibos moschatus 
19 
(19) 16,050--19,175 (17,194 ± 939)* 
(14) 105-138 (113 ± 9) 
(19) 875-1,080 (980 ± 56) 
(19) 5.1-6.3 (5.7 ± 0.4) 
(18) 142-190 (166 ± 13) 
(18) 45-60 (52 ± 5) 
(19) 328-415 (379 ± 24), 
(11) 305-342 (320 ± 11) 
(19) 348-440 (383 ± 22) 
(19) 370-485 (411 ± 28) 
(19) 12,325-14,575 (13,243 ± 757) 
(19) ·75-78 (77 ± I) 
(15) 150-325 (245 ± 47) 
(19) 290-400 (339 ± 34) 
(15) 200-275 (239 ± 29) 
(18) 275-390 (322 ± 30) 
(11) 1,050--1,265 (1,147 ± 70) 
(12) 175-192 (183 ± 6) X 
75-98 (84 ± 7) 
(19) 248-325 (285 ± 22) 
• Data presented as (n =) range (mean ± 1 SD). 
t Determined from cephalic extremity. 
Ovis dalli 
19 
(19) 10,625-15,090 (13,300 ± 1,399) 
(19) 765-920 (847 ± 46) 
(19) 5.4-7.9 (6.4 ± 0.7) 
(19) 125-162 (140 ± 10) 
(19) 42-70 (52 ± 8) 
(19) 302-372 (333 ± 19) 
(15) 262-304 (280 ± 11) 
(16) 322-382 (350 ± 18) 
(18) 348-425 (378 ± 22) 
(19) 8,270-11,765 (10,269 ± 1,048) 
(19) 74-79 (77 ± 1) 
(17) 172-260 (228 ± 25) 
(19) 242-345 (289 ± 25) 
(17) 171-258 (209 ± 24) 
(19) 232-335 (276 ± 28) 
(16) 886-1,164 (1,000 ± 76) 
(24) 132-182 (l62±17) X 
58-82 (73 ± 7) 
(19) 170--280 (222 ± 25) 
Ovis canadensis 
20 
(20) 12,200--17,400 (14,553 ± 1,202) 
(10) 98-112 (106 ± 5) 
(20) 740--885 (811 ± 42) 
(20) 4.9-6.2 (5.6 ± 0.4) 
(20) 118-175 (139 ± 16) 
(20) 50--70 (58 ± 5) 
(20) 262-342 (310 ± 19) 
(20) 262-312 (280 ± 15) 
(19) 325-384 (351 ± 17) 
(20) 340-408 (380 ± 20) 
(20) 8,700--13,150 (11,072 ± 1,028) 
(20) 71-77 (76 ± 2) 
(15) 152-265 (201 ± 28) 
(20) 258-390 (295 ± 37) 
(18) 150--250 (195 ± 25) 
(20) 225-360 (278 ± 32) 
(15) 856-1,265 (975 ± 107) 
(12) 150--170 (164 ± 5) X 
70--80 (74 ± 3) 
(19) 205-310 (251 ± 30) 
Ovis aries 
17 
(17) 12,000-19,450 (14,656 ± 1,767) 
(13) 84-115 (97 ± 7) 
(17) 730--930 (801 ± 56) 
(17) 4.8-7.4 (5.5 ± 0.7) 
(17) 120--160 (132 ± 11) 
(17) 45-75 (55 ± 7) 
(17) 265-340 (310 ± 21) 
(15) 236-368 (264 ± 34) 
(17) 262-384 (310 ± 28) 
(17) 295-415 (339 ± 29) 
(17) 9,100--14,850 (11,140 ± 1,382) 
(17) 74-78 (76 ± 1) 
(15) 135-262 (181 ± 32) 
(17) 245-320 (289 ± 23) 
(17) 140-262 (180 ± 32) 
(16) 232-310 (278 ± 21) 
(14) 864-1,050 (934 ± 55) 
(12) 158-185 (167 ± 7) X 
62-82 (70 ± 6) 
(16) 170--275 (248 ± 28) 
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FIGURES 1-3. Synlophe structure in the cervical zone of Marshallagia lichtenfelsi sp. n. showing uniformity of general pattern for ridge systems in the 
lateral and dorso-ventral fields based on male and female paratypes (USNPC 104917). Scale bars in micrometers. Note the structure of the irregular, 
convoluted, and interrupted pattern, apparently unique among those species known in Marshallagia. (1) Marshallagia lichtenfelsi f. major male in ventral 
and right lateral view. (2) Marshallagia lichtenfelsi f. minor male in ventral and right lateral view. (3) Marshallagia lichtenfelsi femaJe in ventral and right 
lateral view. Labels indicate positions of the lateral (I), dorsal (d), and ventral (v) fields, excretory pore (exp), cervical papillae (cp), and esophageal-
intestinal junction (eij). 
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Marshallagia belockani (Asadov, 1954) (putative minor morpho-
type of M. skrjabini), based on KIS 17314, but details of the 
pattern could not be clearly defined. In specimens of Marshallagia 
trifida (Guille, Marotel and Panisset, 1911) (putative minor 
morpho type of M. schumakovitschi), there is a single-ridge lateral 
system in the cervical zone, which becomes 3-5+ continuous and 
parallel posterior to the EIJ (USN PC Archives, J. R. Lichtenfels, 
unpub!. obs.). Specimens available at the current time preclude 
accurate and complete descriptions of the synlophe for all species 
of Marshallagia, although a general pattern for parallel and 
continuous ridges can be recognized. Such does not negate the 
possibility of convoluted and irregular patterns among Eurasian 
species yet to be examined, but does serve to highlight the unique 
nature of the synlophe in M. lichtenfelsi, which appears endemic 
to North America. Specimens of M. lichtenfelsi are, consequently, 
immediately distinguished from this assemblage of 5 North 
American and Eurasian species by a pattern of irregular and 
discontinuous ridges extending from the cervical zone into the 
posterior quarter of the body in males and females (Figs. 1-3). 
Aside from uniformity in cervical patterns, synlophe ridge 
counts for specimens of M. lichtenfelsi were in general agreement 
except for those associated with the major morphotype (Lichtenfels 
and Pilitt, 1989). We describe 52-58 ridges at the mid-body, with 
the maximum attained from the mid-body into the third quarter 
among 5 male specimens (including both major and minor 
morphotypes) (Fig. 4). Lichtenfels and Pilitt (1989) reported 40-
50 ridges attained in the first quarter, with no substantial increase 
through the mid-body (the mid-body section of the major 
morphotype in their study shows 44 ridges). This may reflect 
variation across geographically separated and isolated populations 
of nematodes (British Columbia, Alberta, and Idaho). The 5 male 
and 2 female specimens examined by us were derived from 
ostensibly separate populations at Ospika River, British Columbia 
and adjacent to Mt. Hammell, Alberta (Figs. 1-5). Overall counts 
from specimens of M. lichtenfelsi do not differ substantially from 
those established for M. marshalli from various localities and hosts, 
and the maximum observed for the latter species was 61 in females 
and 56 in males (Lichtenfels and Pilitt, 1989). Monnig (1940) 
reported 28 ridges at the mid-body (single field in whole mount?) of 
specimens attributed to M. marshalli from southern Africa. 
Marshallagia lichtenfelsi can be distinguished from M. schuma-
kovtischi based on a greater number of ridges at the mid-body, 
among other characters (see below). Our current observations 
from 3 male specimens (KIS-14777) indicate that there are 36-40 
ridges in the latter species in contrast to 52-58 (and 40-50) 
documented for M. lichtenfelsi (E. P. Hoberg, A. Abrams, and 
P. A. Pilitt, unpub!. obs.; Appendix I). Ridge counts reported 
among major morphotypes of 5 other species, i.e., Marshallagia 
brevicauda Hu and Jiang, 1984 (51 ridges), Marshallagia 
qilianensis Luo, Chen, Zhang, Wu and Bai, 1993 (38), Mar-
shallagia quinghaiensis Luo, Chen, Zhang, Wu and Bai, 1993 (32), 
Marshallagia schikobalovi Altaev, 1953 (16 on a side?), and 
Marshallagia sinkiangensis (36) are considered unreliable as it 
cannot be determined at what level of the body these were 
derived. Additionally, it is not certain that these were based on 
counts from whole worms or on cross-sections (Altaev, 1953; Wu 
and Shen, 1960; Hu and Jiang, 1984; Luo et a!., 1993). If these do 
represent counts from the mid-body region, then only M. 
brevicauda approaches the numbers reported for either M. 
lichtenfelsi or M. marshalli. 
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FIGUR ES 4-5. Synlophe as shown in transverse sections at the mid-body of male and female of Marshal/agia lichtenfelsi sp. n. Scale bars in 
micrometers. (4) Minor morphotype male (Paratype, USNPC 104774) showing 57 ridges, oriented with dorsal to top, and left (I) and right (r) sides 
indicated. Note narrow interval between ridges in the lateral fields . (5) Female (Paratype, USNPC 104917) showing 56 ridges. Variation in ridge counts 
in the description relates in part to ridges initiating or terminating within a particular section. 
Distinguishing M. Iichtenfe/si from congeners 
The most reliable characters for differentiation among species 
of Marshallagia, and specifically the major morphotypes of 
respective species, include the placement of the trifurcation of the 
spicule tips, the form of the dorsal and ventral processes (relative 
length, curved or straight), the chitinized structure of the tip of 
respective processes, and the form of the ABM (Figs. 15-23, 31). 
Although other characters of males and females may also 
contribute in specific situations (Figs. 6-32) to separation among 
an assemblage of morphologically similar species, prior studies, 
particularly by Russian helminthologists, established the impor-
tance for attributes of the spicules (e.g., Andreeva, 1958; 
Kadyrov, 1959; Boev et a!., 1963). As a basis for the following 
comparisons, we relied on examination of available specimens 
representing 4 of the recognized species (Tables I , II) and 
references to the original descriptions and some re-descriptions 
in the literature. 
Among the 11 other species of Marshallagia, M. lichtenfelsi is 
most similar to M. marshalli and M. dentispicularis based on a 
comparison of major morpho types (Tables Ill-VII; Figs. 15-23, 
31). We examined representative specimens of the latter 2 species 
(Tables I, II), thus allowing for a detailed comparison. Specimens 
of M. marshalli included those from populations occurring in 
either domesticated or free-ranging hosts across the known range 
in North America (Tables I, V- VII) . In a redescription of 
M. marshallil M. occidentalis, Lichtenfels and Pilitt (1989) had 
grouped all meristic data for North American specimens across 
multiple host species. Segregation of those measurements, and 
new data, provide perspective about the range of variation 
associated with populations in respective ungulate hosts 
(Tables V-VII). We reconfirm morphologically the identity and 
uniformity of those specimens, including both male morphotypes 
and females previously designated as M. marshallil M. occidentalis 
in North American hosts (A. americana, O. moschatus, 0. dalli, 0. 
canadensis, 0. aries) according to Lichtenfels and Pilitt (1989); 
included was a re-examination of the type series in domesticated 
sheep from Montana (Ransom, 1907, 1911). 
Specimens of M. lichtenfelsi f. majorlM. lichtenfelsi f. minor 
resemble those of M. marshallil M. occidentalis in most meristic 
and structural characters (Figs. 6- 32; Tables III- VII; Ransom, 
1907, 1911 ; Lichtenfels and Pilitt, 1989). Among males, these 
species are distinguished based on attributes of the genital cone 
and spicules in addition to characteristics of the synlophe 
previously outlined. Aside from the synlophe, females cannot be 
easily separated, although the ovejectors and tail are slightly 
larger in specimens of M. lichtenfelsi (Tables III, IV, VII). 
Considering major morphotypes, in specimens of M. marshalli 
the spicules are 224-340 Ilm in length with a trifurcation near 70-
75%; laterally the spicules are strongly bent near mid-length. The 
ventral process is straight, narrow, gradually broadening distally, 
and extends to near termination of the main shaft with a slightly 
asymmetric, small, bulbous expansion on the tip. The dorsal 
process is broad, from 67-89% of ventral in length to near equal, 
and recurved with a bluntly rounded membranous tip; a 
6 
o 
o 
C'l 
. , 
HOBERG ET AL.-MARSHALLAGIA LlCHTENFELSI N. SP. 829 
o 
o 
C'l 
7 
o 
o 
M 
FIGURES 6-8. Marshallagia lichtenfelsi sp. n. showing the cephalic, vulval, and caudal structures in females. Scale bars in micrometers. (6) Cephalic 
extremity in ventral view (Allotype, USNPC 104915) showing structure of the esophagus and esophageal-intestinal valve along with the relative 
positions of the nerve ring, excretory pore, sub-ventral gland orifices, and cervical papillae. (7) Ovejectors and vulva in lateral view (Allotype), showing 
the structure of the ventrally positioned flap. (8) Tail in lateral view (Allotype). 
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FIGURES 9-14. Marshallagia lichtenfelsi sp. n. showing characters associated with female specimens. Scale bars in micrometers. (9) Vulva (v) and 
vulval flap (vI) in lateral view (Para type, USNPC 58746). (10) Region-near level of vulva (v) in lateral view showing position and structure of dorsal and 
ventral cuticular inflations (Para type, USNPC 104774). (11) Vulva, ventral view, in specimen lacking vulval flap (Para type, USNPC 45161). (12) Vulval 
flap in ventral view (Paratype, USNPC 104774). (13) Eggs in uterus (Paratype, USNPC 104917). (14) Tail, lateral view (Paratype, USNPC 104774). 
transverse chitinized bar is evident in the dorsal ala. A 
gubernaculum is present, poorly chitinized, conical, granular, 
and extends from a transverse basal plate; not previously 
demonstrated in specimens of M. marshalli (E. P. Hoberg, A. 
Abrams, and P. A. Pilitt, unpub!. obs. from USNPC 56743). The 
ABM is longer than wide, distinctly rounded, and contains 
divergent and curved "7" papillae. In contrast, in M. lichtenfelsi f. 
major the ventral process of the spicules is parallel throughout 
and terminates in a strongly chitinized knob with miniscule, 
rounded projections (Figs. 20-22). The dorsal process, relative to 
the ventral, extends 57-77% of the distance from the trifurcation 
(Figs. 20- 21). The ABM is rectangular, wider than long, and 
contains straight, divergent "7" papillae (Figs. 18, 31). 
Considering minor morphotypes, few characters provide the 
basis for clearly distinguishing between the species (Figs 24-30, 
32; Tables III, IV, VI; Shul'ts and Andreeva, 1953; Lichtenfels 
and Pilitt, 1989). In specimens of M. occidentalis, the Sjoberg's 
organ is ovoid, equal in length and width, and contains sinuous 
and-divergent "7" papillae. The gubernaculum is narrow and 
somewhat cylindrical. In contrast, there is a tapering, trapezopi-
dal structure for the Sjoberg's organ and sinuous, weakly 
divergent "7" papillae in specimens of M. lichtenfelsi f. minor 
(Figs. 26, 32). Further, the gubernaculum is ovoid with an 
elongate tail (Fig. 27). 
Marshallagia lichtenfelsi f. major resembles M. dentispicularis 
in the general structure of the spicules with a trifurcation near 
72-78%; the dorsal and ventral processes are unequal (dorsal is 
near 50% of ventral); the ventral process is strongly chitinized 
throughout and terminates in a modified denticdate tip extending 
to near the distal extremity of the main shaft. A gubernaculum is 
present, weakly chitinized, conical, and supported by a transverse 
basal plate; this character had not been detected previously in M. 
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FIGURES 15-19. Marshallagia lichtenfelsi sp. n. f. major male showing primary structural characters of the bursa. Scale bars in micrometers. (15) 
Copulatory bursa ventral view (Holotype, USNPC 104914). (16) Copulatory bursa, left lateral view (Paratype, USNPC 104774). (17) Dorsal ray in 
ventral view (Paratype, USNPC 46225), showing asymmetrical origins and structure. (18) Genital cone in ventral view (Holotype), showing structure and 
position of the "0" papillae, and rectangular accessory bursal membrane containing divergent "7" papillae and medial chitinized support. (19) Genital 
cone in right lateral view (Paratype, USNPC 46225), showing relative positions and dimensions of the dorsal (rays 9/10) and externodorsal rays (rays 8). 
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FIGURES 20-23. Marshallagia lichtenfelsi sp. n. f. major male showing primary structural characters of the spicules and gubernaculum. Scale bars in 
micrometers. (20) Spicules in ventral view (Paratype, USNPC 46225). (21) Spicules and conical gubernaculum in dorsal view (Paratype, USNPC 104917). 
(22) Spicule (right) and sinuous gubernaculum in lateral view (Paratype, USNPC 104774). (23) Gubernaculum in dorsal and lateral views (Paratype, 
USNPC 104917) showing variation in form. 
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FIGURES 24-30. Marshallagia lichtenlelsi sp. n. f. minor male showing primary structural characters. Scale bars in micrometers. (24) Bursa and 
genital cone in left lateral view. (25) Dorsal ray in ventral view (Paratype, USNPC 104776) showing symmetrical origin. (26) Genital cone in ventral view 
(Paratype, USNPC 104916) showing position of the "0" papillae, prominent ventral membrane and trapezoidal Sjoberg's organ containing sinuous "7" 
papillae. (27) Gubernaculum in dorsal and lateral views (Paratypes, USNPC 46575 and USNPC 104917). (28) Spicules in ventral view (Paratype, 
USNPC 104916). (29) Spicules and gubernaculum in dorsal view (Paratype, USNPC 104917). (30) Spicule in right lateral view, showing position of 
gubernaculum (Paratype, USNPC 46575). 
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FIGURES 3 1-32. Marshallagia lichtenfelsi sp. n. showing details of the genital cone in male specimens. Scale bars in micrometers. (31) Genital cone in 
major morpho type (Para type, USNPC 1049 I 7) showing structure and position of prominent "0" papillae (0) , rectangular accessory bursal membrane 
(abm) and straight and divergent " 7" papillae (7). (32) Genital cone in minor .morphotype (Paratype, USNPC 104916) showing structure of trapezoidal 
and weakly bilobed Sjoberg's organ (sjo) and sinuous "7" papillae (7). 
dentispicularis (based on KIS 19478; E. P. Hoberg, A. A, Abrams, 
and P. A. Pilitt, unpubl. obs.). In specimens of M. dentispicuiaris, 
the esophageal valve is prominent (n = 10, 104-135 !lm in length) 
and similar to that in M. lichtenfelsi. Most primary meristic 
characters from the major morphotypes of these respective species 
overlap (Tables III, IV; Appendix I; Asadov, 1954b; Boev, 1963). 
Specimens of M. lichtenfelsi differ, however, in the absence of 
angular denticulate structures on the ventral process of the 
spicules and in the presence of a transverse chitinized bar in the 
dorsal ala (Figs. 20-21). In M. lichtenfelsi, the ABM is strongly 
rectangular, wider than long (contrasting with longer than wide), 
and contains straight and highly divergent (contrasting with 
curved) "7" papillae (Asadov, 1954b; IMev et aI., 1963) (Figs. 18, 
31). Further, the structure of the cervical synlophe, as defined 
above, serves to distinguish these species. Neither the minor 
morpho type male nor the female for M. dentispicuiaris are 
currently known. 
Other species and characters 
Specimens of M. lichtenfelsi f. major are distinct from males 
and females of M. brevicauda Hu and Jiang, 1984. In M. 
brevicauda, the spicule trifurcation is near 76% and the ventral 
process terminates in a simple bent point; the ABM is rectangular, 
and slightly wider than long, containing relatively straight and 
divergent "7" papillae; females are characterized by a short tail 
near 170-209 !lm in length (Hu and Jiang, 1984). Specimens of M. 
lichtenfelsi contrast in the structure of the ventral process of the 
spicule tip (Figs. 20-21; Appendix I) and in a substantially 
longer, narrow, Sinl+OUS tail with a bulbous tip (280- 375) in the 
female (Figs. 8, 14; Tables III, IV). A minor morpho type for M. 
brevicauda is currently unknown. 
Marshallagia lichtenfelsi f. major is distinguished from M. 
mongolica by the structure of the spicule tips and the relative 
dimensions and form of the ABM (Figs. 15-23; Appendix I). In 
the latter species, the trifurcation occurs in the range of 63- 68%; 
the ventral process is strongly chitinized, straight, extends to near 
the . termination of the main shaft, and ends in a smooth, 
expanded cap (resembling a Morell mushroom); the dorsal 
process is recurved, about 50% of the length of the ventral. The 
gubernaculum is present and has been depicted as ovoid with a 
narrow, anteriorly directed extension and lacking a chitinized 
transverse base (Skrjabin et aI., 1954; Boev et aI., 1963). This 
structure, however, contrasts with that shown by Andreeva 
(1958), which is more typical (transverse basal plate and weakly 
chitinized body) and seen in specimens of M. lichtenfelsi, M. 
brevicauda, M. marshalli, M. qilianensis, and M. sinkiangensis. 
The ABM in M. mongolica is elongate, with length > width, and 
has rounded margins in the posterior with curved divergent "7" 
papillae (Andreeva, 1958; Boev et aI., 1963). The female of M. 
mongolica is currently unknown. 
Marshallagia lichtenfelsi f. minor can also be distinguished from 
M. grossospiculum, the putative minor morphotype for M mongolica 
(Figs. 24-30, 32; Appendix 1). Although meristic data for M 
lichtenfelsi f. minor and M. mongolical M grossospiculum overlap, 
the minor morphotypes can be differentiated relative to the structure 
of the Sjoberg's organ and configuration of the ventral process of the 
spicules (Li et aI., 1987). In the latter morphotype, the spicules are 
290-350 Iilll in length with a trifurcation near 59%; ventral and 
dorsal processes are equal in length, straight, not extending to the tip 
of main shaft, about 80% of spicule tip from trifurcation. The ventral 
process broadens near the tip, ending in a sharp point. The Sjoberg's 
organ is ovoid, not elongate, and contains sinuous and convergent 
"7" papillae (Li et al., 1987). 
Marshallagia lichtenfelsi f. major differs from Marshallagia 
petrovi Asadov, 1959 in the placement of the trifurcation and in 
the structure of the dorsal and ventral processes of the spicule tips 
and disposition of the "7" papillae in the ABM (Tables III, IV; 
Figs. 15-22,31; Appendix 1). In the latter species, the trifurcation 
is near 67% and the dorsal and ventral processes are similar, of 
equal length, straight, pointed, and thin and do not attain the tip 
of the main shaft (extending about 56% of the distance from 
the trifurcation to the spicule tip) (Asadov, 1959). The ABM 
is elongate, containing divergent, curved "7" papillae. A minor 
morphotype and female for M petro vi are currently unknown. 
Marshallagia lichtenfelsi f. major is distinguished from M 
qilianensis based primarily on the structure of the dorsal and 
ventral processes of the spicules and the position of the "7" 
papillae in the ABM (Figs. 15, 18,20-22,31; Appendix 1). In the 
latter species, spicule length ranges from 237-280 ~m, the 
trifurcation is near 74%, ventral and dorsal processes are near 
equal and end in acute points; a gubernaculum is present (Luo 
et aI., 1993). The ABM is somewhat elongate and rounded along 
the posterior margin and contains "7" papillae that are parallel 
throughout their length. A minor morphotype for M. qilianensis is 
currently unknown. 
Marshallagia lichtenfelsi f. major is separated from M quin-
ghaiensis based on the structure of the ABM, length of the dorsal 
ray, length and configuration of the spicules, and body length in 
both males and females (Figs. 6-22; Appendix 1). In specimens of 
the latter, the ABM is oval, rounded, and the "7" papillae are curved 
and divergent within the membrane. The dorsal ray is relatively short. 
(119-188 Iilll in length). The spicules are substantially smaller (175-
208 Iilll), with relatively similar dorsal and ventral branches lacking 
chitinized modifications (Luo et aI., 1993). Overall, these are among 
the smallest nematodes referred to Marshallagia, with a mean length 
of 7 mm in males and 8.5 mm in females. A minor morphotype for 
M qinghaiensis is currently unknown. • , 
Marshallagia lichtenfelsi f. major differs from M schikobalovi 
Altaev, 1953 in the structure and termination of the dorsal ray 
and in the relative dimensions of the ABM (Figs. 15-19). In the 
latter species, the dorsal ray terminates in a knob-like bifurcation 
that is unique within the genus (Altaev, 1953; Kadyrov, 1959; 
Boev et aI., 1963). The ABM is rectangular, slightly longer than 
wide, and with rounded margins along the posterior extremity; the 
"7" papillae are curved and divergent at their tips (Kadyrov, 
1959). A minor morphotype and female for M schikobalovi are 
currently unknown. 
Marshallagia lichtenfelsi f. major differs from M. schumakov-
tischi in the structure of the spicule tips and ABM, among other 
characters (Figs. 18-22; Appendix 1). In the latter species, the 
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trifurcation is placed at 78-83%, the ventral process is narrow, 
and terminates in a simple point that may be bent. The dorsal 
process is weakly chitinized, not strongly recurved, and terminates 
in a slightly expanded, spoon-shaped tip which extends to near the 
distal extremity of the main shaft (Kadyrov, 1959; E. P. Hoberg, 
A. Abrams, and P. A. Pilitt, unpubI. obs.). The ABM is longer 
than wide and contains curved, divergent "7" papillae (Kadyrov, 
1959; Boev et aI., 1963). A female for M schumakovitschi is 
currently unknown. 
Marshallagia lichtenfelsi f. minor can also be distinguished from 
M trifida, the putative minor morpho type for M schumako-
vitschi, based on the structure of the Sjoberg's organ, configura-
tion ofthe "7" papillae, and structure of the spicules (Figs. 24-30, 
32; Appendix 1). In specimens of M schumakovitschilM trifida, 
the spicules are 245-340 Iilll in length with a trifurcation near 
54%. The ventral process is strongly curved, terminating in 
a point without expansion (Shul'ts and Andreeva, 1953). 
The Sjoberg's organ is ovoid, slightly elongate, and contains 
convergent "7" papillae (Boev et aI., 1963). 
Marshallagia lichtenfelsi f. major differs from M. sinkiangensis 
in the structure of the spicule tips among other characters 
(Figs. 20-22; Appendix 1). In the latter species, the ventral 
process is narrow, terminating in a sharply pointed, bent tip 
without chitinized modifications (Wu and Shen, 1960). A minor 
morphotype for M. sinkiangensis is currently unknown. 
Marshallagia lichtenfelsi f. major differs from M skrjabini in 
the structure of the spicule tips and gubernaculum and in the form 
of the ABM (Figs. 18-23; Appendix 1). In the latter species, the 
dorsal and ventral processes are nearly equal in length. The dorsal 
process terminates in a triangular thickening whereas the ventral 
is a simple point lacking chitinized modifications. The gubernac-
ulum is narrow and elongate and does not originate from a 
strongly chitinized transverse base. The ABM, although rectan-
gular, is considerably longer than wide (Asadov, 1954a). A female 
for M. skrjabini is currently unknown. 
Marshallagia lichtenfelsi f. minor can also be distinguished from 
M belockani, the putative minor morpho type for M. skrjabini 
(Figs. 24-30; Appendix 1). Further, we suggest that Marshallagia 
sogdiana (Pulatov, 1985) be reduced as a synonym of M. belockani 
(Appendix 1) based on a comparison of data from the original 
descriptions (see Asadov, 1954c; Boev et aI., 1963; Pulatov, 1985). 
Specimens of M skrjabinilM. belockani (including M. sogdiana) 
are characterized by an elongate, weakly rectangular Sjoberg's 
organ containing "7" papillae which are divergent throughout 
their length (Asadov, 1954c; Pulatov, 1985). 
ClJ,rrently, we have no basis for comparison to Marshallagia 
hsui Qi and Li, 1963, Marshallagia lasaensis Li and K'ung, 1965, 
and Marshallagia tarimanus Qi, Li, and Li, 1963. Following an 
extensive search, the original descriptions could not be located. 
We determined that descriptions of these nominal taxa were never 
formally published, although each is mentioned in papers that 
present descriptions of other valid species of Marshallagia (Hu 
and Jiang, 1984; Luo et aI., 1993). As the respective descriptions 
were contained in institutional reports with limited circulation in 
China, we regard these species as nomina nuda. 
Comments on 2 characters 
There are apparently 2 different forms recognized for the 
gubernaculum among major morpho types of Marshallagia. It 
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appears that the most common form is a poorly chitinized conical 
structure supported by a prominent transverse basal plate 
(Fig. 23), as exemplified in M. lichtenfelsi, M. brevicauda, M. 
marshalli, M. qilianensis, and M. sinkiangensis. A second form, 
apparently only seen in M. skrjabini, is a narrow, elongate 
structure more typical of other ostertagiines such as species of 
Teladorsagia (Asadov, 1954a). The gubernaculum is reported to 
be absent among many species of Marshallagia; however, it is 
more likely that this particularly cryptic structure has been 
overlooked in many original descriptions (e.g., Ransom, 1907, 
1911). 
The relative length of the dorsal and ventral process, 
particularly in the major morphotypes, appears to be an 
important attribute in distinguishing among species. Boev et al. 
(1963) indicated that the ventral process in M. marshalli and M. 
schumakovitschi is shorter than the dorsal. Based on our 
examination of specimens, this does not appear to be correct. 
We found that the ventral process is consistently greater than the 
dorsal in M. marshalli and that, in the latter species, the 2 
processes are near equal in length although asymmetric in 
structure. 
DISCUSSION 
Defining species limits 
Marshallagia lichtenfelsi sp. n. differs from 11 nominal species 
of Marshallagia based on a suite of morphological characters 
associated with males and females (Figs. 1-32). Species diversity 
within Marshallagia remains, however, incompletely known and 
reflects the challenges of dealing with and recognizing con specific 
polymorphic males and females. Few of the currently recognized 
species have been fully characterized in this regard (Appendix 1). 
It is further apparent that there are relatively few diagnostic 
characters that immediately distinguish among the known species 
and, for the most part, these are based on the structure of the 
genital cone and the spicules. There is extensive overlap in most 
morphometric characters among females, although this is less of a 
problem for respective major and minor morpho types among 
male nematodes (Appendix 1). The synlophe may most appro-
priately be used in making decisions about conspecificity for 
males and females, but among Marshallagia may not generally 
be of utility in distinguishing among a relatively large array of 
related species. This is suggested by the apparent uniformity in the 
parallel cervical and whole-body patterns demonstrated among 
the 5 species, where it has been possible to explore the structure of 
the synlophe. Conserved patterns for ~h,e synlophe are also known 
among species of Teladorsagia Andreeva and Satubaldin, 1954, 
Mazamastrongylus Cameron, 1935, and Spiculopteragia (Orloff, 
1933) (Hoberg et aI., 2009b). Ridge counts, shown to be useful 
among other ostertagiines, may eventually be found to be 
applicable for differentiation among species of Marshallagia 
(Hoberg et aI., 2009b). 
Clear definitions of diversity and species limits for Marshallagia 
may emerge only through new geographically extensive field 
collections and integrated approaches that link comparative 
morphology and molecular systematics (Hoberg et aI., 1999; 
Perez-Ponce de Leon and Nadler, 2010). We note for the purposes 
of the present study that M. marshallif M. occidentalis is regarded 
as a morphospecies, which is partitioned across a number of 
geographically widespread, but isolated, host species and popu-
lations. Until recently, specimens now regarded as M. lichtenfelsi 
were considered con specific with M. marshalli, and the current 
study indicates that these nominal taxa are poorly differentiated 
morphologically. Molecular-based comparisons across this as-
semblage spanning the Holarctic will be required to explore the 
possibility that a species complex exists, similar to that being 
revealed for Teladorsagia among free-ranging and domesticated 
ungulates (Hoberg, et aI., 1999; Leignel et aI., 2002). 
Standardizing descriptions 
The difficulty of completing direct comparisons that serve to 
distinguish among morphologically similar species (respective 
major and minor morphotypes and females) is highlighted in the 
current study. Morphological homogeneity and the occurrence 
of subtle structural differences confuse separation and reliable 
identification for many of these species. This challenge has been 
confounded by a lack of standardization and detail for 
descriptions with respect to the range of characters which may 
be diagnostic for species of Marshallagia and, perhaps, other 
ostertagiines. 
Building on prior comparative morphological studies among 
species of Marshallagia (e.g., Asadov, 1954a, 1954b; Kadyrov, 
1959; Boev et aI., 1963; Hu and Jiang, 1984; Lichtenfels and Pilitt, 
1989; Luo et aI., 1993), we propose that uniform standards be 
applied to future descriptions among Marshallagia and other 
ostertagiines. For example, although many authors have included 
some details of the genital cone and spicules, most have not 
provided any meaningful insights about the structure (pattern and 
configuration in the cervical zone and through the body) and 
numbers of ridges comprising the synlophe in various regions of 
the body. Where ridge counts are presented, there is seldom any 
indication of the level of body or if counts represent 1 surface, 
or the circumference of the worm, or if these were based on 
transverse sections (e.g., Altaev, 1953; Boev et aI., 1963; Hu and 
Jang, 1984; Luo et aI., 1993). The synlophe is demonstrably one of 
the most important characters for recognition of species across 
the diversity represented by the Ostertagiinae and other Trichos-
trongyloidea (Durette-Des set, 1983; Lichtenfels et aI., 1988; 
Lichtenfels and Hoberg, 1993; Hoberg et aI., 2009b). 
The synlophe represents a general character to be considered 
for males and females (Durette-Des set, 1983, 1985). Characteristic 
patterns are evident and have been defined at the generic level and 
are also often sufficient, with some recognized exceptions, to 
differentiate among a number of closely related species of the 
Ostertagiinae (e.g., Lichtenfels and Hoberg, 1993; Hoberg et aI., 
2009b). Further, the synlophe has proven important in the 
recognition of conspecific polymorphic males and females in such 
genera as Ostertagia, Marshallagia, and Teladorsagia (Lichtenfels 
et aI., 1988; Lichtenfels and Pilitt, 1989). The following aspects of 
the synlophe should be incorporated in descriptions: (1) pattern, 
particularly the relationship of ridges in lateral and dorso-ventral 
fields (parallel vs. tapering) in the cervical zone anterior to the EIJ 
(Lichtenfels et aI., 1988); (2) orientation and gradients of size for 
ridges as determined in transverse section (Durette-Des set, 1983); 
(3) cuticular structure and the presence of inflations and struts 
(Hoberg et aI., 1993); (4) distribution and extent of synlophe on 
body, including termination in the posterior and the presence of 
gaps; and (5) numbers of ridges at specific levels of the body as 
determined in transverse section (minimally at the base of 
esophagus, mid-body, and at termination of the synlophe in the 
posterior). 
An additional general character for males and females is the 
structure and dimensions of the esophageal valve. Valve length 
can provide another adjunct to recognizing con specific male 
morpho types and females (Lichtenfels and Pilitt, 1991). 
Essential characters among males include the following: (1) 
bursal formula and general disposition of the rays (Durette-
Desset, 1983), with length and position (%) of the primary 
bifurcation of the dorsal ray (rays 9/10); (2) structure of the 
genital cone including the configuration (relative length, width, 
and shape) of the ABM in major morphotypes, and of the 
Sjoberg's organ in minor morpho types, and the disposition of the 
"7" papillae; and (3) spicule morphology in major and minor 
morphotypes, focusing on overall shape and relationships of the 
three processes, position of the trifurcation (%), form, e.g., 
curved, straight, broad, or narrow, and relative length of the 
dorsal and ventral processes (%), and distally the presence or 
absence of chitinized modifications (caps, denticles, barbs, hyaline 
membranes). Descriptions should be accompanied by high-
magnification figures depicting the processes of the spicules. 
Essential characters among females have generally been widely 
recognized in prior descriptions. Where possible, we suggest 
application of the terminology proposed for the structure of 
the ovejectors, with measurements presented when possible, for 
each of the components in a didelphic system (infundibulum, 
sphincter-I, sphincter-2, and vestibule) (Lichtenfels et aI., 2003). 
Further, detailed descriptions of the structure of the vulva and 
disposition of flaps (%), fans, or cuticular expansions can be 
useful in some situations (Hoberg et aI., 1993). 
Specificity and occurrence of M. lichtenfelsi 
Current evidence based on survey and inventory suggests that 
M. lichtenfelsi is a relatively host-specific parasite limited in 
distribution to mountain goats. Prior records of Marshallagia 
were, of course, limited to those reported as M. marshalli in this 
rupicaprine (e.g., Kerr and Holmes, 1966; Boddicker et a!., 1971; 
Samuel et aI., 1977; Jenkins et a!., 2004). Examination of all 
materials held in the USNPC from 0. americanus, and substantial. 
material in other free-ranging and domesticated ungulates from 
North America (Table I), revealed minimal evidence for sharing 
of Marshallagia spp. Except for mixed infections in 2 hosts from 
Alberta in which M. marshallilM. occidentalis was rare, all 
nematodes in mountain goats were referable to M. lichtenfelsi; 
those in other ungulates were invariably M. marshallil M. 
occidentalis. In zones of contact for mountain goats and bighorn 
sheep, there was no indication of mixed infections in the latter 
caprine; insufficient collections are available to understand the 
potential for exchange between mountain goats and Dall's sheep 
at higher latitudes, but all records from the latter are attributable 
to M. marshalli (Hoberg et a!., 2001). Such a narrow level of host 
fidelity for a species of ostertagiine nematode, as apparently 
indicated for M. lichtenfelsi, is somewhat unexpected (Suarez and 
Cabaret, 1991). 
Specimens we examined from O. americanus were morpholog-
ically consistent and represented apparently natural populations 
in Idaho, Montana, Wyoming, Alberta, and British Columbia. 
We did not have materials available from coastal British 
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Columbia nor from localities in Alaska, the Northwest Territo-
ries, and the Yukon Territories, although we would suggest that 
M. lichtenfelsi may have a distribution that coincides with its 
apparently primary host, 0. americanus. Mountain goats are 
endemic in a series of discontinuous populations extending from 
63°N to 44°S across southeastern Alaska into the southern Yukon 
and Northwest Territories (southwestern Mackenzie Mountains) 
through the Western Cordillera to north-central Oregon, central 
Idaho, Montana, and Wyoming (Cote and Festa-Bianchet, 2003). 
Translocation and introduction onto historical range, and areas 
considered to be suitable for mountain goats, have been major 
considerations in management for this species (Cote and Festa-
Bianchet, 2003). Thus, mountain goats were introduced and 
established at various times on Kodiak, Chichigof, and Baranoff 
Islands, Alaska, the Olympic Peninsula, Washington, central 
Montana, the Black Hills, South Dakota, and Colorado (Cote 
and Festa-Bianchet, 2003; MacDonald and Cook, 2009). As a 
consequence, M. lichtenfelsi may have been introduced with the 
translocation of mountains goats in some geographic areas, 
potentially obscuring or confusing historical biogeographic 
associations in some instances. 
In addition to established records linked to voucher and type 
specimens, fecal-based surveys demonstrated the occurrence of 
Marshallagia in mountain goats from the Mackenzie Mountains, 
Northwest Territories, coastal British Columbia, central British 
Columbia, and Idaho (Brandborg, 1955; Jenkins et aI., 2004). It is 
probable that these populations, some outside of the range 
documented by type and voucher specimens in the current 
description, are consistent with M. lichtenfelsi. Marshallagia has 
not been recognized as a parasite in translocated mountain goats 
that were established in South Dakota in the 1960s from the 
region near Banff, Alberta, although M. marshalli is known in 
bighorn sheep (Boddicker and Hugghins, 1969; Boddicker et aI., 
1971). 
In contrast to the apparent specificity of M. lichtenfelsi, 
infections of M. marshallilM. occidentalis appear to be a common 
feature of helminth faunas for both free-ranging ungulates and 
domesticated sheep spanning the Western Cordillera (Becklund 
and Senger, 1967; Uhazy and Holmes, 1971; Hoberg et aI., 2001). 
In this zone extending into the Arctic, the morpho species 
Marshallagia marshalli is a characteristic parasite across a 
disparate host assemblage including muskoxen, bighorn sheep, 
Dall's sheep, and pronghorn (Lucker and Dikmans, 1945; 
Bergstrom 1975a, 1975b; Hoberg et a!., 2001). Marshallagia 
marshalli is relatively rare in cervids from North America and 
occurrence in these hosts (Odocoileus hemionus, Cervus elaphus, 
and 'Rangifer tarandus) may reflect colonization from caprine 
sources (Hoberg et aI., 2001; Kutz et a!., 2012). Our current 
understanding of distribution is consistent with the contention 
that the occurrence of M. marshalli in domesticated sheep is 
related to host switches in zones of sympatry for source 
populations of parasites circulating in local, free-ranging ungu-
lates, particularly caprines and possibly Antilocapra americana 
(Lucker and Dikmans, 1945; Bergstrom 1975a, 1975b). There is 
no indication, as with other components of mosaic parasite 
faunas in ungulates, that species of Marshallagia were introduced 
to North America with domesticated sheep following European 
contact in the 1500s (Hoberg, 2010). 
Marshallagia marshallilM. occidentalis is considered to have a 
substantially broader geographic distribution that extends at high 
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latitudes across the entire Holarctic region and into Central Asia 
among Caprini and Rupicaprini (Govorka et aI., 1988; records 
summarized in Suarez and Cabaret, 1991). It is suggested, 
however, that this apparent broad host and geographic distribu-
tion, indicative of a widespread species, receive scrutiny in the 
context of molecular-based studies to explore diversity and 
population structure (e.g., Hoberg et aI., 1999; Dallas et aI., 
2001; Perez-Ponce de Leon and Nadler, 2010). 
History, hosts, and geographic distribution 
Species of Marshallagia are known from a diverse assemblage 
of artiodactyls primarily comprising the Bovidae (Caprinae-
Caprini, Rupicaprini, and "Ovibovini" and, to a lesser extent, 
Antelopinae), although some Cervidae and Antilocapridae are 
also recognized as hosts. Diversification of the Caprinae and 
origins of the modern tribes dates to 14.7-14.5 Mya (summarized 
in Hernandez Fernandez and Vrba, 2005). Independent events of 
geographic expansion and diversification for respective caprines 
from Eurasia into the Nearctic during the Pliocene-Pleistocene 
coincided with climate fluctuations, episodic glaciations, and 
habitat perturbation that unfolded near 3.0-2.5 Mya. These 
processes of successive expansion and isolation on local to 
regional scales have been considered as central drivers in the 
diversification of an associated strongylate nematode fauna 
among Holarctic artiodactyls (Hoberg et aI., 1995, 1999, 2004, 
2012; Hoberg, 2005). 
The center of diversity for species of Marshallagia is the 
mountain-steppe region of central Eurasia, where 11 species 
(including the Holarctic M. marshalli) are recognized in 
association with Caprini, Rupicaprini, and Antelopinae (only 
Saiga tatarica) (Skrjabin et aI., 1954; Boev, 1963; Appendix 1). 
Only M. marshalli is represented in the African fauna, but is 
apparently unknown in free-ranging Antelopinae and associated 
subfamilies of free-ranging Bovidae and is considered to have 
been introduced with domesticated sheep (Hoberg et aI., 2008). 
Further, the morphospecies M. marshalli exhibits the broadest 
spectrum of hosts, and greatest geographic extent latitudinally, 
extending into the sub-Arctic and Arctic in muskoxen (Ovibos 
moschatus) and reindeer-caribou (Rangifer tarandus) (Suarez 
and Cabaret, 1991; Halvorsen and Bye, 1999; Hoberg et aI., 
2001). 
In contrast to Eurasia, the diversity of the Marshallagia fauna 
in North America appears minimal. This observation is consistent 
with Eurasian origins and limited expansion with Caprinae or 
Antelopinae into the Nearctic during the Quaternary. Timing of 
different expansion events for wild sheep or paleo-goats would 
serve as a determinant of the potenti~i for secondary diversifica-
tion through episodic isolation of hosts and parasites (Hoberg 
et aI., 1999; Hoberg, 2005). 
Among extant rupicaprines, mountain goats are the sister of 
chamois, species of Rupicapra de Blainville, from mountainous 
regions of the central Pale arctic (Hernandez Fernandez and Vrba, 
2005). Species resembling mountain goats were represented by 
Neotragoceros in western North America during the Hemphillian 
and Blancan mammal stages extending to the early and middle 
Pliocene, and a relationship with Oreamnos has been postulated 
(Kurten and Anderson, 1980). The first occurrence of Oreamnos, 
however, is known in western North America from the late 
Pleistocene, with the earliest fossil record from British Columbia 
attributed to the Sangamonian interglacial near 90 Kya (Kurten 
and Anderson, 1980). Such is consistent with establishment of 
rupicaprines in the Nearctic following expansion from Eurasia 
across Beringia prior to the Wisconsinan. Phylogeographic 
analyses identify northern and southern clades of mountain goats 
and estimate divergence near 224 Kya, indicating their occurrence 
in restricted northern and southern refugia (and micro-refugia) 
along with mountain sheep through multiple glacial-interglacial 
cycles in the late Pleistocene (Loehr et aI., 2006; Shafer et aI., 
2010, 2011). 
Late Pleistocene assemblages of herbivores linking the Palearc-
tic and Nearctic through Beringia were associated with high 
sympatry, greater density, and higher diversity than those which 
have characterized the Holocene (e.g., Guthrie, 1982, 1984, 2001; 
Vereschagin and Baryshnikov, 1982). These faunal characteristics, 
in part, determine the potential for sequential host colonization as 
well as the influence of episodic fragmentation and isolation in the 
diversification of parasites in these large ungulates and other 
mammals (e.g., Hoberg et aI., 1999; Hoberg, 2005; Hoberg and 
Brooks, 2008; Durette-Desset et aI., 2010). 
Morphological similarity of M. lichtenfelsi and M. marshalli, 
and their distribution in the Western Cordillera of North 
America, may indicate a close genealogical relationship for these 
ostertagiines, although considerable similarity to M. dentispicu-
laris is apparent. The former relationship would assume a single 
colonization event of North America by M. marshallilM. 
occidentalis from Eurasia and subsequent origin of M. lichtenfelsi 
by a process of peripheral isolates speciation. In this instance, M. 
marshalli would occupy a broad ancestral distribution relative to 
M. lichtenfelsi. Interpretation of this history hinges on the 
conspecificity of M. marshalli in the Nearctic and Palearctic, 
e.g., M. marshalli and M. lichtenfelsi could be sisters, and related 
to a single event of geographic colonization, but the former 
species may also be endemic to North America and with a more 
limited distribution than currently considered. Such a conclusion 
would imply identification of M. marshalli in Eurasia to be 
incorrect. Alternatively, the distribution of Marshallagia in the 
Nearctic may reflect mUltiple expansion events for hosts and 
parasites from Eurasia and genealogical relationships for either 
M. marshalli or M. lichtenfelsi linked to other congeners. 
The geographic range for Marshallagia in mountain goats 
suggests that M. lichtenfelsi may have been present in both the 
northern and southern refugia and, possibly, the unglaciated 
coastal zone during the terminal Pleistocene (Shafer et aI., 2011). 
Consequently, if M. lichtenfelsi was a parasite of the common 
ancestor of the northern and southern clades of Oreamnos, some 
level of population differentiation for these nematodes would be 
predicted; a signature for secondary expansion from northern and 
southern refugia and contact for parasite populations might also 
be postulated. Alternatively, a shallow evolutionary association 
with mountain goats, and isolation and differentiation in either 
the northern or the southern refugial zones alone during the 
Wisconsinan (following colonization from a caprine source), 
would be associated with lower levels of genetic diversity and 
putative signatures for secondary post-glacial expansion. Dimin-
ished genetic diversity would also result from post-Pleistocene 
expansion-contraction in ranges and sequential founder events, 
depending on the initial population density for hosts and 
parasites and slow versus rapid patterns of dispersal (Hewitt, 
1996; Arenas et aI., 2012). Clear, testable hypotheses are apparent 
for exploring the history of this host-parasite association but 
require new geographically extensive collections suitable for 
integrated approaches. 
The intricate history for refugial isolation and population 
fragmentation demonstrated for mountain goats and wild sheep 
(Loehr et aI., 2006; Shafer et aI., 2010, 2011) indicate the potential 
for considerable cryptic diversity for Marshallagia, Teladorsagia, 
and perhaps other nematodes (Hoberg et aI., 1999,2012). Shifting 
patterns of contact and sympatry among assemblages of 
ungulates are consistent with geographic and host colonization 
as a process involved in diversification of these parasites (Hoberg 
and Brooks, 2008). Understanding and establishing the limits of 
species and population diversity for Marshallagia in this complex 
historical arena will rely on the application of molecular-
phylogeographic protocols to explore the cryptic connections 
for hosts and parasites (Nieberding and Olivieri, 2007; Nieberding 
et aI., 2008; Koehler et aI., 2009). 
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ApPENDIX 1. Diversity for Marshallagia spp. in ungulates, including nominal taxa referred to this and related genera (valid species of * Marshallagia based 
on major morphotype or minor morphotype). 
Major morphotype 
*Marshallagia marshalli (type for genus) =Marshallagia sp. 3 
of Droidi (1995) 
* Marshallagia brevicauda 
* Marshallagia dentispicularis 
* Marshallagia lichtenfelsi sp. n. forma major 
* Marshallagia mongolica 
* Marshallagia petrovi 
* Marshallagia qilianensis 
* Marshallagia quinghaiensis 
* Marshallagia schikobalovi 
* Marshallagia schumakovitschi 
* M arshallagia sinkiangensis 
* Marshallagia skrjabini 
Annotation for major morphotypes attributed 
to Marshallagia-
*Marshallagia marshalli (Ransom, 1907) Orloff, 1933-type for 
genus (synonyms: Ostertagia tricuspis Marotel, 1912; Ostertagia 
brigantica Blanchard, 1909; Ostertagia orientalis (Bhalerao, 
1932». Ransom (1907, 1911) described this species and the minor 
morphotype, M. occidentalis, based on specimens in domesticated 
sheep (Ovis aries L.) from Montana. Morphology: Spicules 
strongly curved in lateral view, 224-340 J.I.lll in length (North 
American); trifurcation 70-75%; eyelet at trifurcation prominent; 
with dorsal < ventral process in length, to near equal; ventral 
process straight, terminates in asymmetrical knob; dorsal process 
recurved, broad, blunt membranous tip; gubernaculum with 
strongly chitinized transverse base and granular, conical anteriad 
extension (E. P. Hoberg, A. Abrams, and P. A. Pilitt, unpubl. obs. 
based on USNPC 56743). ABM is longer than wide, rounded 
posteriorly, containing curved divergent "7" papillae. Monnig 
(1940) reported 28 ridges at mid-body (single field?). Lichtenfels 
and Pilitt (1989) reported 51-56 ridges near the mid-body in 
males. Synlophe in cervical zone is a 3-ridge parallel laterCj.l 
system, grading to 5 or more ridges posterior to EU. 
Marshallagia sp. 3- in Ovis canadensis Shaw. Dr6idi (1995) 
considers this to represent an undescribed major morphotype, 
distinct from M marshalli. This conclusion is apparently an error. 
Based on an examination of type specimens of M. marshalli in 
domesticated sheep, and vouchers in bighorn, Dall's sheep (0. 
dalli Nelson), muskoxen (Ovibos mos~hatus (Zimmermann» and 
pronghorn (Antilocapra americana (Ord», there appears to be a 
single morpho species in North America (E. P. Hoberg, A. 
Abrams, and P. A. Pilitt, observations of present study); this 
species is attributable to M. marshalli. The original description of 
M marshallil M. occidentalis was based on specimens from the 
Nearctic and only later was it reported in central Eurasia and 
Africa (e.g., Boev et aI., 1963; Monnig, 1940); conspecificity of 
these latter nematodes requires confirmation. 
Specimens depicted by Dr6idi (1995) (designated as Marshalla-
gia sp. 3) in bighorn are identical with M marshalli; those depicted 
as "M. marshallf' from Romania do not represent this species. 
Marshallagia marshalli was originally described based on parasites 
Minor morphotype 
*M. occidentalis =Marshallagia sp. 4 of Droidi (1995) 
Currently unrecognized 
Currently unrecognized 
* Marshallagia lichterifelsi sp. n. forma minor 
* Marshallagia grossospiculum = Marshallagia sp. 1 of Droidi (1995) 
Currently unrecognized 
Currently unrecognized 
Currently unrecognized 
Currently unrecognized 
*Marshallagia trifida nov. comb =Marshallagia sp. 2 of Droidi (1995) 
Currently unrecognized 
*Marshallagia belockani =Marshallagia sogdiana nov. comb.? 
in Ovis aries, but it has been demonstrated that populations of 
Marshallagia are shared among free-ranging bighorn, pronghorn, 
and domestic sheep on common range. Populations in the Nearctic 
are consistent with M. marshalli, a contention supported by studies 
by Lichtenfels and Pilitt (1989), who demonstrated no morpho-
metric or structural differences in parasites in bighorn or 
domesticated sheep. Specimens depicted by Lichtenfels and Pilitt 
(1989) and Dr6idi (1995) in Ovis canadensis appear to be identical. 
Consequently, it is probable that the Palearctic specimens of "M. 
marshal/i" do not represent that species, but are either already 
named or represent another species remaining to be named. 
Alternatively, M. marshalli may have a Holarctic distribution (see 
'Andreeva, 1958; Boev et aI., 1963) and may be distinct from "M. 
marshalli" of Dr6idi (1995) in the Palearctic. 
*Marshallagia brevicauda Uu and Jiang, 1984----Appears 
consistent with a major morphotype of Marshallagia. Originally 
reported in domesticated sheep from Xinjiang, China and is 
considered to resemble M. tarimanus (see Uu and Jiang, 1984). 
Morphology: Specimens are reported to have 51 ridges; spicules 
268-310 J.I.lll with trifurcation near 76%; dorsal process recurved, 
longer than ventral; ventral process ends in simple bent point; 
presence of a weakly chitinized gubernaculum with a conical 
granular body arising from a basal transverse plate; long dorsal 
ray 270-360 J.I.lll in length; ABM rectangular, wider than long, 
with straight divergent "7" papillae. In females the tail is 
exceptionally short, 170-209 J.I.lll (a definitive character), and eggs 
are 155-180. Minor morphotype male currently unknown. 
Marshallagia brevispiculum Monnig, 1940-Appears to have 
been found only once, and the description was based on a single 
male with aberrant (?) spicules; found with M. marshalli in 
domesticated sheep from South Africa. Morphology: Reported to 
have 42 ridges at mid body; dorsal ray = 250 J.I.lll; spicules short 
about 150 11m (Monnig, 1940). Minor morphotype male and 
female unknown. 
*Marshallagia dentispicularis Asadov, 1954---Typical major 
morphotype for Marshallagia. Originally based on specimens in 
domesticated goats (Capra hircus L.) and later domesticated sheep 
(Ovis aries) from Azerbaijan and Kazakhstan. Morphology: 
Spicules 230-275 11m with trifurcation at 72-78%; dorsal-ventral 
processes of spicules are unequal; ventral process with irregular, 
sharply denticulate tip; eyelet at trifurcation prominent; dorsal 
process recurved about 50% length of ventral; gubernaculum 
present as a transverse plate and conical granular extension (KIS 
19478; E. P. Hoberg, A. Abrams, and P. A. Pilitt, unpubi. obs.). 
Dorsal ray 251-329 11m. ABM rectangular, considerably longer 
than wide, "7" papillae strongly divergent, curved (Asadov, 
1954b; Boev et ai., 1963). Synlophe, parallel, continuous to near 
PBP; 1-3 ridge lateral in cervical zone, grading to 5+ lateral 
extending beyond EIJ (E. P. Hoberg, A. Abrams, and P. A. Pilitt, 
unpubi. obs.). Minor morphotype male and female unknown. 
Marshallagia hsui Qi and Li, 1963?-Considered as nomen 
nudum. Unknown status. Original description was not published 
but represented an internal institutional document, although this 
species was listed in Hu and Jiang, (1984) and Luo et ai. (1993). 
Marshallagia lasaensis Li and K'ung, 1965?-Considered as 
nomen nudum. Unknown status. Original description was not 
published but represented an internal institutional document, although 
this species was listed in Hu and Jiang, (1984) and Luo et al. (1993). 
* Marshallagia lichtenfelsi sp. n. forma major Hoberg, Abrams, 
Pilitt and Jenkins--Typical polymorphic species in Marshallagia, 
based on specimens in mountain goats (Oreamnos americanus (de 
Blainville)) from northwestern North America. Originally con-
sidered conspecific with M. marshalli (see Lichtenfels and Pilitt, 
1989). 
* Marshallagia mongolica Schumakovitsch, 1938-Typical major 
morphotype of Marshallagia. Originally described based on 
specimens in free-ranging caprines and antelope from Mongolia. 
Morphology: Spicule trifurcation at 63-68%; dorsal-ventral 
processes of spicules unequal (dorsal approximately 50% of 
ventral); ventral process terminates in expanded cap; dorsal 
process blunt, strongly recurved; gubernaculum present, with 
transverse basal plate and poorly chitinized conical extension to 
anterior (see Andreeva, 1958; Boev et ai., 1963). ABM elongate, 
length > width, rounded along posterior margin. Synlophe 
parallel, continuous to near PBP; 3 ridge lateral in cervical zone, 
grading to 5+ lateral extending beyond EIJ (E. P. Hoberg, A. 
Abrams, and P. A. Pilitt, unpubl. obs.). Female unknown. 
*Marshallagia petrovi Asadov, 1959 nec Pushmenkov, 1937-
Typical major morphotype of Marshallagia. Described based on 
specimens in domesticated sheep from Buriatia (Russia) (Asadov, 
1959). Morphology: Dorsal ray 212-260 11m; Spicules 245-270"11ffi; 
trifurcation estimated at 67%; dorsal and ventral processes of the 
spicules are similar, of equal length, pointed and thin, extending 
about 56% of distance from trifurcation. ABM is elongate, 
containing divergent, curved "7" papillae and dorsal ray is 212-
260. Minor morpho type male and female unknown. 
*Marshallagia qilianensis Luo, Chen, Zhang, Wu and Bai, 
1993-Typical major morphotype o(Marshallagia. Described 
based on specimens in Tibetan gazelle (Procapra picticaudata 
Hodgson) from Qinghai Province, China (Tibet). Morphology: 
Reported to have 38 ridges. In male, spicules 237-280 11ffi; 
trifurcation estimated at 74%; dorsal and ventral processes near-
equal length, ending in sharp points; gubernaculum present, 45-
49 in length, appears poorly chitinized, and with anteriorly 
directed extension arising from a basal plate; dorsal ray 244--366; 
ABM rounded with parallel "7" papillae. In female, length of tail 
237-333 11ffi, and eggs, 175-204. Considered similar to M. 
tarimanus, M. dentispicularis, M lasaensis, M. quinghaiensis, 
and M marshalli (English summary in Luo et ai., 1993). Minor 
morphotype male unknown. 
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* Marshallagia quinghaiensis Luo, Chen, Zhang, Wu and Bai 
1993-Typical major morphotype of Marshallagia. Described based 
on specimens in bharal (Pseudo is nayaur (Hodgson)) from Qinghai 
Province, China (Tibet). Morphology: Overall, very small nematodes 
in male (7 mm) and female (8.5 mm), reported to have 32 ridges. In 
male, spicules 175-208 11ffi, trifurcation estimated at 72%; gubernac-
ulum not seen; dorsal ray relatively short, 119-188. In female, length 
of tail 181-254 11m, and eggs 165-235. Considered similar to M 
tarimanus, M dentispicularis, M. lasaensis, and M marshalli (English 
summary in Luo et al., 1993). Minor morphotype male unknown. 
* Marshallagia schikhobalovi A1taev, 1953-Typical major 
morphotype, in most respects, for Marshallagia based on 
specimens in domesticated sheep from Eurasia (Altaev, 1953; 
Skrjabin et ai., 1954). Morphology: Synlophe with ridges 16 (on a 
side?) in number. Spicules 243 I1ffi in length; trifurcation about 
78% of spicule length from anterior. Dorsal and ventral processes 
near equal in length, extending to near level of termination of 
main shaft. ABM with rounded margins. Dorsal ray terminates in 
knob-like bifurcation, atypical of any species in the genus. Minor 
morpho type male and female unknown. 
*Marshallagia schumakovitschi Kadyrov, 1959-Typical major 
morpho type for Marshallagia. Original description based on 
specimens in domestic sheep from northern Kazakhstan. Mor-
phology: Spicules 238-285 11m; trifurcation 78-83%; dorsal and 
ventral processes near equal in length; ventral process terminates 
in simple point, which may be bent; eyelet at trifurcation 
indistinct or absent; dorsal process, weakly chitinized, blunt, not 
strongly recurved, extends to near termination of main shaft. 
Dorsal ala of spicule with chitinized bar articulated to main shaft. 
No discernable gubernaculum observed. ABM slightly longer 
than wide, containing divergent, curved "7" papillae. Dorsal ray 
252-350 (Kadyrov, 1959; Boev et ai., 1963). There are 36-40 
ridges at the mid-body of males based on 3 specimens (KIS 14777) 
(E. P. Hoberg and P. A. Pilitt, unpubi. obs.); laterally a single-
ridge system (seldom 3), 1-2 pairs of ridges terminate anterior to 
EIJ outside of lateral-most fields, but not conspicuously tapering, 
parallel throughout extending to PBP. Posterior to EIJ, entirely 
parallel and continuous, grading to a 5+ ridge system laterally. 
Putative major morpho type for M trifida; female unknown. 
* Marshallagia sinkiangensis Wu and Shen, 1960-Typical major 
morphotype for Marshallagia. Specimens found in Siberian ibex 
(Capra sibirica (Pallas)) from Uigur Autonomous Region, Sin-
kiang, China (Wu and Shen, 1960). Morphology: Reported to have 
36 ridges. Spicules 221-24411ffi with trifurcation near 67%; ventral 
process with sharply pointed, bent tip; dorsal process tapers distally 
to end in spoon-shaped tip; length dorsal> ventral process. Dorsal 
ray·264. ABM with width ~ length. Gubernaculum obscure, 
conical, arising from chitinized transverse basal plate. Female with 
tail 181-270 11m; vulval flap present; eggs 171-201 I1ffi in length. 
This species was described in a paper also reporting M mongolica 
and M. marshalli in domesticated sheep (English summary in Wu 
and Shen, 1960). Minor morpho type male unknown. 
*Marshallagia skrjabini Asadov, 1954---Typical major morpho-
type for Marshallagia. Specimens in tur (Capra caucasica 
Giildenstaedt and Pallas = C. cylindricornis Blyth) and alpine 
chamois (Rupicapra rupicapra (Linnaeus)) from Azerbaijan 
(Asadov, 1954a). Morphology: Spicules 280-317 11ffi; trifurcation 
at 76%, processes of near-equal length; dorsal process terminating 
in triangular chitinized foot with dorsally directed barb; ventral 
process ending in a simple point; ABM considerably longer than 
844 THE JOURNAL OF PARASITOLOGY, VOL 98, NO.4, AUGUST 2012 
wide, rectangular; gubernaculum narrow, elongate, lacking 
chitinized transverse base; dorsal ray 350-427. Putative major 
morpho type for M. belockani, and see M. sogdiana (outlined 
below); female unknown. 
Marshallagia tarimanus Qi, Li and Li, 1963?-Considered as 
nomen nudum. Unknown status. Original description was not 
published but represented an internal institutional document, although 
this species was listed in Hu and Jiang, (1984) and Luo et al. (1993). 
Marshallagia uzhekistanica Azimov and Dadaev, 20ot-A 
morphologically atypical form referred to Marshallagia in the 
original description. Originally described based on male nema-
todes in domesticated sheep and goats from Uzbekistan (Azimov 
and Dadaev, 2001). Morphology: There is some suggestion, based 
on spicule structure, that these are teratological forms; however, 
the description reports 12 specimens from multiple hosts. These 
would be referred to Ostertagiinae based on the paired "0" 
papillae and the accessory bursal membrane. Spicules are 
asymmetric, right 121-132 11m, left 104-110 (asymmetry not 
seen among species of Marshallagia); dorsal ray relatively short 
158-163. Female unknown. Considered to have been incorrectly 
referred to Marshallagia in original description and in online 
databases. 
Annotation for minor morphotypes of Marshallagia, 
established and putative-
*Marshallagia occidentalis (Ransom, 1907)-Minor morpho-
type of M. marshalli (Ransom, 1907, 1911; Dr6idi, 1995). 
Synonym: Ostertagia skrjabini Kamensky, 1929, nec Shen Wu 
and Yen, 1959 as determined by Skrjabin et al. (1954); 0. tri/ida 
(Guille, Marotel and Panisset, 1911) is considered valid (see 
below) although often included among synonyms for 0. 
occidentalis. Along with the major morphotype, M. occidentalis 
was originally described based on specimens in domesticated 
sheep from Montana (Ransom, 1907, 1911). 
*Marshallagia grossospiculum Li, Yin, Kong and Jang, 1987-
Appears consistent with a typical minor morphotype for 
Marshallagia. Specimens were found in association with putative 
M. mongolica in both natural and experimental infections; in 
domesticated sheep from Gansu Province, China (Li et aI., 1987). 
Morphology: Synlophe appears parallel based on figures from the 
cervical region in the original description. Spicules 290-350 11m; 
trifurcation near 59%; ventral and dorsal processes equal in 
length, not extending to tip of main shaft, about 80% of spicule 
tip from trifurcation; ventral process broadens near tip, ending in 
sharp point. Gubernaculum reported as absent. The "7" papillae 
in Sjoberg's organ are sinuous and convergent. 
* Marshallagia lichtenfelsi sp. n. forma minor Hoberg, Abrams, 
Pilitt and Jenkins-Typical minor morpho type of a polymorphic 
species in Marshallagia, based on specimens in mountain goats 
(Oreamnos americanus (de Blainville» from northwestern North 
America. Originally considered con specific with M. occidentalis 
(see Lichtenfels and Pilitt, 1989). 
Marshallagia sp. I-Associated with M. mongolica in Siberian 
ibex from Mongolia (see Dr6idi, 1995). It was indicated that this 
minor morpho type had not been described; however, see M. 
grossospiculum. 
* Marshallagia sp. 2-Associated with M. schumakovitschi in 
Siberian ibex from Mongolia (see Dr6idi, 1995). Not apparently 
described, but see comments under M. tr([ida. 
Marshallagia sp. 4---In Ovis canadensis. Dr6idi (1995) consid-
ers this to represent an undescribed minor morphotype (counter-
part for Marshallagia sp. 3), distinct from M. occidentalis. This 
raises the question of the original description of M. marshalli/ M. 
occidentalis in the Nearctic and of what has been subsequently 
reported as this species from Eurasia. Figures in Dr6idi (1995) 
show what appear to be distinct species. Marshallagia marshalli 
was originally described based on parasites in domesticated sheep, 
but it has been demonstrated that populations of Marshallagia are 
shared among free-ranging bighorn (and some crevids, antiloca-
prids and caprines) and domesticated sheep on common range. 
Thus, these should be M. marshalli, a contention supported by 
studies by Lichtenfels and Pilitt (1989) who demonstrated no 
morphometric or structural differences in parasites from bighorn 
or domesticated sheep (confirmed by E. P. Hoberg, A. Abrams, 
and P. A. Pilitt in the present study). Consequently, it is probable 
that the Palearctic specimens of M. marshalli do not represent that 
species, but are either already named or represent another species 
remaining to be named. 
* Marshallagia helockani (Asadov, 1954)-Appears consistent 
with a minor morphotype for Marshallagia and is now transfered 
to that genus as a new combination. Originally established in 
Ostertagia (Grosspiculagia) based on specimens in Rupicapra 
rupicapra and Capra caucasica (reported as C. cylindricornis) from 
Azerbaijan. Indicated to be similar to 0. occidentalis and 0. 
trifida by Asadov (1954c). Morphology: In original description: 
spicule length 305-317 11m, trifurcation 55%, ventral process with 
blunt point, about 80% length of dorsal process; dorsal process 
broad, with transverse bar, recurved, not attaining point of main 
shaft; "7" papillae contained in elongate Sjoberg's organ, 
divergent throughout length; dorsal ray 268-280. In 2 specimens 
(KIS 17314): bursa 367-416, dorsal ray 171-174, spicules 
247-283, gubernaculum present; Sjoberg's as depicted for M. 
occidentalis (E. P. Hoberg, A. Abrams, and P. A. Pilitt, unpubl. 
obs.). Referred to Marshallagia by Durette-Desset (1989); may 
represent minor morphotype for M. skrjabini. 
Marshallagia sogdiana (Pulatov, 1985) nov. comb.-Consistent 
with a minor morphotype of Marshallagia, based on spicule 
structure, and now transferred to that genus as a new 
combination. Originally described in Ostertagia based on 
specimens in domesticated goats from Uzbekistan; found with 
T. circumcincta and T. trifurcata. Morphology: Spicules 280-
320 11m; trifurcation about 57%; ventral process about 82% 
of dorsal process which does not attain end of spicule tip. 
Gubernaculum is present. Dorsal ray length 230-300. The "7" 
papillae embedded in the Sjoberg's organ are divergent according 
to Pulatov (1985). This species was considered similar to O. 
occidentalis and 0. tri/ida, but was not compared to M. belockani, 
and is a possible synonym of the later based on direct 
comparisons of meristic data (see Asadov, 1954c; Boev et aI., 
1963; Pulatov, 1985). Pulatov (1985) used, as a basis for 
comparison, the data presented in Shul'ts and Andreeva (1953); 
in that paper the figures for 0. occidentalis and 0. trifida are 
reversed. 
* Marshallagia trijida (Guille, Marotel and Panisset, 1911) nov. 
comb.-Consistent with a minor morphotype of Marshallagia, 
based on spicule structure, and now transferred to this genus as a 
new combination. Originally described in Ostertagia based on 
specimens in steppe saiga (Saiga tatarica (Linnaeus», argali 
(Ovis ammon (Linnaeus», domesticated sheep, and goats from 
Kazakhstan (Boev et aI., 1963). Morphology: Spicules 245-340 11m; 
trifurcation 54%; ventral process, strongly curved, 91 % of dorsal 
process; dorsal process extends to tip of main shaft of spicule. "7" 
papillae in Sjoberg's organ convergent; gubernaculum present; 
dorsal ray length 244-320 11m. NOTE: J. R. Lichtenfels studied 
specimens attributed to O. trifida in C. hircus from Pakistan and 
described (unpubI.) a single-ridge lateral system with irregular 
pairs dropping out anterior to EIJ; posterior to EIJ 3-5+ ridges, 
continuous and parallel (confirmed by E. P. Hoberg, A. Abrams, 
and P. A. Pilitt). Consequently, it is apparent that M occidentalis 
and M trifida cannot be synonyms (see Lichtenfels and Pilitt, 
1989). Cervical syn10phe in O. trifida appears identical to males 
and females of M. schumakovitschi, suggesting these are minor 
and major morphotypes of a single species (E. P. Hoberg, A. 
Abrams, and P. A. Pilitt, unpubI. obs.). 
Annotation for indeterminant minor morphotypes 
The following species are not Marshallagia or must be 
designated as being of indeterminant generic placement. These 
species were originally referred to Grosspiculagia or were 
subsequently referred to this genus following description. The 
genus Grosspiculagia is indicative of putative status as a minor 
morphotype, and Droidi (1995) considers the Grosspiculagia-
forms to represent the minor morphotypes of Marshallagia spp. A 
number of species originally established in Grosspiculagia, 
including 11 of 13 nominal taxa listed in K'ung and Li (1965) 
(see also, Skrjabin et aI., 1954; Andreeva, 1956; Durette-Desset, 
1989), are not compatible with Marshallagia. Some errors are 
perpetuated in online taxonomic databases. Where possible, we 
attempt to clarify some of these records relative to Marshallagia. 
Moujlongia podjapolskyi Schulz, Andreeva and Kadenazii, 
1954---0riginally in Moujlongia, later to Grosspiculagia by Jansen 
(1958); based on specimens in mouflon from Kazakhstan. Not 
consistent with Marshallagia (see Skrjabin et aI., 1954; Andreeva, 
1958). This nematode represents a minor morphotype for a 
species of Ostertagia. Incorrectly referred to Marshallagia in some 
online authoritative databases. 
OrlofJia buriatica (Konstantinov, 1933}--Originally described 
under Ostertagia based on specimens in domesticated sheep from 
Mongolia and Buriatia. The minor morphotype was associated 
with 0. dahurica (Orloff, Belova and Gnedina, 1931) according to 
Droidi (1995). Ostertagia hsiunga Hsu, Ling, and Liang, 1957 is a 
synonym of this morphotype according to Yen (1963). Incorrectly 
referred to Marshallagia in some online authoritative databases. 
Ostertagia aegagri Grigorian, 1951-0riginally Ostertagia 
(Grosspiculagia), based on male specimens in Bezoar goat (Capra 
aegagrus) from Armenia. Specimens have a short dorsal ray (135), 
incompatible with Marshallagia, and probably represent a minor 
morpho type for a species of Ostertagia (see Skrjabin et aI., 1954). 
Ostertagia butschnevi (Rudakov, 1937}--Originally Ostertagia 
(Marshallagia), later transferred to Ostertagia (Skrjabinagia) , 
later to Camelostrongylus; considered a species of Marshallagia by 
Boev et aI. (1963). Originally described based on specimens in 
domesticated sheep from Eurasia. Specimens have a short dorsal 
ray, incompatible with Marshallagia, and probably represent a 
minor morphotype for a species of Ostertagia (see Skrjabin et aI., 
1954; Boev et aI., 1963; Durette-Desset, 1989). 
Ostertagia gansuensis Chen, 1981--Originally described under 
Ostertagia (Grosspiculagia) based on specimens in domesticated 
HOBERG ET AL.-MARSHALLAG!A LICHTENFELS! N. SP. 845 
sheep from China. Indicated to be similar to Ostertagia arctica, 
Ostertagia ningshaanensis, and Ostertagia lanceata; not consistent 
with Marshallagia (?). Seen in abstract only, but discussed by Liu 
and Chen (1988) and Luo, Chen, and Wu (1991). Incorrectly 
referred to Marshallagia in some online authoritative databases. 
Ostertagia lanceata Luo, Chen and Wu, 1991-0riginally 
described under Ostertagia (Grosspiculagia) based on specimens 
in bharal from Qinghai Province, China (Tibet). Indicated to 
resemble 0. (G.) gansuensis and 0. arctica; not consistent with 
Marshallagia (?). The bursa is not elongate and the rays are 
relatively robust rather than narrow and long. There is a narrow, 
elongate gubernaculum and a relatively short dorsal ray, 96-
149 11m in length; "7" papillae are relatively parallel with 
convergent or medially directed tips; spicules about 210 in length, 
dorsal and ventral processes of equal length, not attaining tip of 
main shaft; trifurcation at 55% (Luo, Chen, and Wu, 1991). 
Incorrectly referred to Marshallagia in some authoritative online 
databases. 
Ostertagia lasensis (Asadov, 1953}--Originally described under 
Ostertagia (Skrjabinagia) based on specimens in roe deer 
(Capreolus capreolus Linnaeus) from Eurasia. The Sjoberg's 
organ is typical of Ostertagia rather than Marshallagia. This 
species is considered a synonym of Ostertagia kolchida and 
Ostertagia popovi; recognized as the minor morphotype of 
Ostertagia leptospicularis Asadov, 1953 according to Droidi 
(1965, 1995); see also Ostertagia rubricervi Andrews, 1963. 
Ostertagia nemorhaedi Schulz and Kadenazii, 1950--0riginally 
described under Ostertagia (Grosspiculagia) based on specimens in 
Himalayan goral (Naemorhedus goral (Hardwicke)) from south-
ern Eurasia. The Sjoberg's organ is not typical of Marshallagia; 
short dorsal ray (see Skrjabin et aI., 1954). Minor morphotype of 
Ostertagia muraschkinzevi Schulz and Kadenazii, 1950 according 
to Droidi (1995). 
Ostertagia nianquingtanggulaensis K'ung and Li, 1965--0rigi-
nally described under Ostertagia (Grosspiculagia) based on 
specimens in domesticated sheep from Tibet (K'ung and Li, 
1965); later redescribed based on specimens in domesticated sheep 
and goats from western Nepal (Johsi, Gibbons, and Jacobs, 
1997). Based on the· structure of the 2-2-1 bursa, presence of a 
proconus, small eggs, and other characters, it is not compatible 
with Marshallagia and appears to be a major-morphotype form; 
possibly referable to Sarwaria. 
Ostergtagia ningshaanensis Liu and Chen, 1988--0riginally 
described under Ostertagia (Grosspiculagia) based on specimens in 
takin (Budorcas taxicolor Hodgson) from Ningshaan, China. 
Indicated to be similar to 0. arctica and O. gansuensis; not 
consistent with Marshallagia in having a short dorsal ray and 2-2-1 
bursa (Liu and Chen, 1988). Incorrectly referred to Marshallagia in 
some authoritative online databases. 
Ostertagia petrovi Pushmenkov, 1937--Originally reported 
as an undescribed species of Ostertagia in reindeer (Rangifer 
tarandus (Linnaeus)) from Russia. Bursa is incorrect for 
Marshallagia, with short dorsal ray; considered teratological 
specimen (Droidi, 1965). Transferred to Ostertagia (Grosspicula-
gia) in Skrjabin et aI. (1954). 
Ostertagia rubricervi Andrews, 1963--0riginally described in 
Ostertagia (Grosspiculagia) based on specimens in red deer 
(Cervus elaphus L.) from New Zealand (Andrews, 1963). Bursa 
and genital cone consistent with a minor morphotype of 
Ostertagia, excluded from Marshallagia based on structure of 
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dorsal ray, Sjoberg's organ, and genital cone. Apparently a 
synonym of Ostertagia kolchida, the minor morphotype for 
Ostertagia leptospicularis. 
Ostertagia skrjabini Shen, Wu and Yen, 1959-Established as 
Ostertagia (Grosspiculagia) based on specimens in Capra hircus 
from Kweiyang and Tsinan, China. Minor morphotype consistent 
with Ostertagia, excluded from Marshallagia based on short 
. ' 
dorsal ray, structure of Sjoberg's organ, and small eggs (Shen, 
Wu, and Yen, 1959). 
Ostertagia volgaensis Tomskich, 1938. Originally described in 
Ostertagia (Grosspiculagia) based on specimens in domesticated 
sheep from central Russia. Incompatible with Marshallagia in the 
form of the bursa, short dorsal ray, and small eggs (see Skrjabin 
et aI., 1954). 
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NOVEL HAEMOPROTEUS SPECIES (HAEMOSPORIDA: HAEMOPROTEIDAE) FROM THE 
SWALLOW-TAILED GULL (LARIIDAE), WITH REMARKS ON THE HOST RANGE OF 
HIPPOBOSCID-TRANSMITTED AVIAN HEMOPROTEIDS 
Iris I. Levin*, Gediminas ValkiUnastll, Tatjana A. lezhovat, Sarah L. O'Brien:j:, and Patricia G. Parker*:j:§ 
'Universityof Missouri-St. Louis, Department of Biology, One University Blvd., St. Louis, Missouri 63121. e-mail: gedvalk@ekoi.lt 
ABSTRACT: Haemoproteus (Haemoproteus) jenniae n. sp. (Haemosporida: Haemoproteidae) is described from a Galapagos bird, the 
swallow-tailed gull Creagrus Jurcatus (Charadriiformes, Laridae), based on the morphology of its blood stages and segments of the 
mitochondrial cytochrome b (cyt b) gene. The most distinctive features of H. jenniae development are the circumnuclear gametocytes 
occupying all cytoplasmic space in infected erythrocytes and the presence of advanced, growing gametocytes in which the pellicle is 
closely appressed to the erythrocyte envelope but does not extend to the erythrocyte nucleus. This parasite is distinguishable from 
Haemoproteus larae, which produces similar gametocytes and parasitizes closely related species of Laridae. Haemoproteus jenniae can 
be distinguished from H. larae primarily due to (1) the predominantly amoeboid outline of young gametocytes, (2) diffuse 
macrogametocyte nuclei which do not possess distinguishable nucleoli, (3) the consistent size and shape of pigment granules, and (4) 
the absence of rod-like pigment granules from gametocytes. Additionally, fully-grown gametocytes of H. jenniae cause both the marked 
hypertrophy of infected erythrocytes in width and the rounding up of the host cells, which is not the case in H. larae. Phylogenetic 
analyses identified the DNA lineages that are associated with H. jenniae and showed that this parasite is more closely related to the 
hippoboscid-transmitted (Hippoboscidae) species than to the Culicoides spp.-transmitted (Ceratopogonidae) species of avian 
hemoproteids. Genetic divergence between morphologically well-differentiated H. jenniae and the hippoboscid-transmitted 
Haemoproteus iwa, the closely related parasite of frigatebirds (Fregatidae, Pelecaniformes), is only 0.6%; cyt b sequences of these 
parasites differ only by 1 base pair. This is the first example of such a small genetic difference in the cyt b gene between species of the 
subgenus Haemoproteus. In a segment of caseinolytic protease C gene (ClpC), genetic divergence is 4% between H. jenniae and H. iwa. 
This study corroborates the conclusion that hippoboscid-transmitted Haemoproteus parasites infect not only Columbiformes birds but 
also infect marine birds belonging to Pelecaniformes and Charadriiformes. We conclude that the vertebrate host range should be used 
cautiously in identification of subgenera of avian Haemoproteus species and that the phylogenies based on the cyt b gene provide 
evidence for determining the subgeneric position of avian hemoproteids. 
Species of Haemoproteus (Haemosporida: Haemoproteidae) are 
cosmopolitan dipteran-borne hemosporidian parasites, some of 
which are responsible for severe pathology in birds (Miltgen et aI., 
1981; Atkinson, 1986; Cardona et aI., 2002). These parasites affect 
host fitness (Nordling et aI., 1998; Marzal et aI., 2005; Valkiflnas, 
2005; M0ller and Nielsen, 2007) and might even cause lethal disease 
in non-adapted birds. The mortality associated with hemoproteid 
infection has been documented in zoos and private aviaries in 
North America (Ferrell et aI., 2007) and Europe (Olias et aI., 2011) 
and is related to the insufficiently investigated pathology caused by 
tissue stages of the parasites, when death of the host occurs before 
the production of blood stages. Such infections are difficult to 
diagnose both by microscopy and polymerase chain reaction 
(PCR)-based methods (Valkiflnas, 2011). Avian hemoproteids 
warrant more research, not only in parasitology and evolutioqary 
biology but also in conservation projects. 
Until recently (Levin et aI., 2011), parasites of the subgenus 
Haemoproteus (Haemoproteus) were understood to only infect 
doves (Columbiformes); however, seabirds, particularly frigatebirds 
(Fregata spp.), were found infected with a morphologically and 
genetically similar species. Haemoproteus iwa, the species infecting 
frigatebirds (Work and Rameyer, 1996), is,vectored by hippoboscid 
flies, as are the Haemoproteus (Haemoproteus) species that infect 
doves (Levin et aI., 2011). This discovery of the greater host breadth 
of H (Haemoproteus) spp., which share a common vector group, 
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namely species of the Hippoboscidae, is consistent with the overall 
pattern of vector group driving the topology of the phylogenetic tree 
for hemosporidians (Martinsen et aI., 2008). Avian hippoboscid flies 
are obligate parasites of birds, spending much of their time on an 
individual host or host species. Therefore, there is opportunity for 
specialization and diversification. With this in mind, it is likely that 
there is a diversity of Haemoproteus species vectored by hippoboscid 
flies that have not been collected and described. 
As part of an ongoing study of the evolutionary biology of 
pathogens in the Galapagos Islands, blood samples were collected 
from a Galapagos gull, the swallow-tailed gull Creagrus Jurcatus 
(Charadriiformes, Laridae). One novel species of Haemoproteus 
(Haemosporida, Haemoproteidae) was found during this study; 
this parasite is described here using data on the morphology of 
its blood stages and partial sequences of the mitochondrial 
cytochrome b (cyt b) and caseinolytic protease C (ClpC) genes. 
We identify the DNA lineages that are associated with this 
parasite and show that it is more closely related to hippoboscid-
transmitted species than to the Culicoides (Ceratopogonidae) 
spp.-transmitted species of avian hemoproteids. We also discuss 
opportunities to use phylogenies based on cyt b gene sequences in 
the identification of subgeneric position of avian hemoproteids 
and provide new information on the possible host range of the 
hippoboscid-transmitted species of avian Haemoproteus. 
MATERIAL AND METHODS 
Collection of blood samples 
Blood samples from swallow-tailed gulls were collected during the dry 
season on the islands of Genovesa (July 2003) and Espanola (June 2010) in 
Galapagos, Ecuador. Only 1 bird was sampled on Genovesa. Of the 30 
birds from Espanola, 29 were adults, nearly half of which (13/30) were 
breeding; only 1 juvenile bird was sampled. Breeding was determined by 
visually observing the bird incubating eggs or attending chicks, or 
obviously paired with another bird currently incubating. While examining 
848 THE JOURNAL OF PARASITOLOGY, VOL. 98, NO.4, AUGUST 2012 
birds, 1 individual hippoboscid fly of unidentified species was seen, but we 
were unable to collect it. Birds were measured and 1 or 2 drops of blood 
were collected in non-heparinized capillary tubes, by puncturing the 
brachial or medial metatarsal vein, and placed in 500 ILl oflysis buffer (1 M 
Tris-HCL pH 8.0, 0.5 M EDTA pH 8.0, 5 M NaCI, 10% SDS) for 
subsequent molecular analysis. The samples were held at ambient 
temperature in the field and later at 4 C in the laboratory. 
Three or 4 blood films were prepared from each bird. Blood mms were air-
dried within 5-10 sec after their preparation. In humid environments, we 
used a battery-operated fan to aid in the drying of the blood fIlms. Slides 
were fixed in methanol in the field within 20 min to 5 hr following sampling 
and then stained with Giemsa in the laboratory. Blood fIlms were examined 
for 10--15 min at low magnification (X4oo) and then at least 100 fields were 
studied at high magnification (X 1,000). Intensity of infection was estimated 
as a percentage by counting of the number of parasites per 1,000 red blood 
cells or per 10,000 red blood cells if infections were light, i.e., <0.1 % as 
described by Godfrey et a!. (1987). To determine possible presence of 
simultaneous infections with other hemosporidian parasites in the type 
material of new species, the entire set of blood fIlms from hapantotype and 
parahapantotype series were examined microscopically at low magnification. 
Morphological analysis 
An Olympus BX61 light microscope (Olympus, Tokyo, Japan) equipped 
with an Olympus DP70 digital camera and the imaging software AnalySIS 
FIVE (Olympus Soft Imaging Solution GmbH, Munster, Germany) was 
used to examine slides, to prepare illustrations, and to take measurements. 
The morphometric features studied (Table I) are those defined by 
Valkiunas (2005). Morphology of H jenniae was compared with the 
voucher specimens of H larae from its type host, the black-headed gull 
Chroicocephalus ridibundus, sampled from the type locality in southeast 
Kazakhstan (blood mm accession no. 1525.Az 86 in the Collection of 
Institute of Ecology, Nature Research Centre, Vilnius, Lithuania). A 
Student's t-test for independent samples was used to determine statistical 
significance between mean linear parameters. A P-value of 0.05 or less was 
considered significant. 
DNA extraction, peR amplification, and sequencing 
Phenol-chloroform extraction techniques were used to isolate DNA from 
blood (Sambrook et al., 1989). Parasite DNA was amplified by PCR 
targeting a region of the parasite mitochondrial cyt b gene. In each reaction, 
both a positive control (frigatebird, infected with H iwa) and a negative 
control were used, and all samples that amplified parasite DNA were tested 
again for confirmation. The PCR primers used were HAEMNF and 
HAEMNR2 followed by a re-amplification reaction using HAEMF and 
HAEMR2 (Waldenstrom et a!., 2004). Reactions were performed using 
Takara Ex taq polymerase and accompanying reagents (Takara Bio Inc., 
Shiga, Japan); reaction conditions can be found in Levin et a!. (2011). The 
initial reaction (HAEMNF and HAEMR2) included 1 ILl of undiluted 
DNA, and half a microliter of the resulting amplicon was used as the 
template for the internal reaction. Each bird was tested at least twice and 
results were consistent. In I case, a bird tested positive once and failed to 
amplify a second time. This individual was re-tested and was positive the 
third time. Only 1 PCR amplicon from each individual was used for 
sequencing. PCR products were purified using Exonuclease I (#M0289S, 
New England Bio Labs Inc., Ipswich, Massachusetts) and Antarctic 
Phosphotase (#M0293S, New England Bio L!tbs Inc.). Approximately 480 
base pairs (bp) of double-stranded DNA was sequenced at the University of 
Missouri-St. Louis using an Applied Biosystems 3100 DNA Analyzer with 
BigDye® Terminator v3.1 Cycle Sequencing chemistry (Applied Biosys-
terns, Carlsbad, California). This fragment of cyt b represents roughly half 
of the entire cyt b gene (-1,130 bp). 
In order to provide additional support for the species delimitation of H 
jenniae, we amplified and sequenced parasite DNA from 1 individual gull 
at the ClpC gene following Martinsen et a!. (2008). 
New DNA sequences were deposited in GenBank under the accession 
numbers JN827318-JN827321, JQ609657, and JQ609658. 
Phylogenetic analysis 
Cytochrome b DNA sequences were assembled and cropped in Seqman 
4.0 (DNASTAR, Madison, Wisconsin), aligned manually, and added to a 
TABLE 1. Morphometry of host cells and mature gametocytes of 
Haemoproteus jenniae sp. nov. from the swallow-tailed gull 
Creagrus Jurcatus. * 
Feature 
Uninfected erythrocyte 
Length 
Width 
Area 
Uninfected erythrocyte nucleus 
Length 
Width 
Area 
Macrogametocyte 
Infected erythrocyte 
Length 
Width 
Area 
Infected erythrocyte nucleus 
Length 
Width 
Area 
Gametocyte 
Length 
Width 
Area 
Pigment granules 
NDRt 
Microgametocyte infected erythrocyte 
Length 
Width 
Area 
Infected erythrocyte nucleus 
Length 
Width 
Area 
Gametocyte 
Length 
Width 
Area 
Pigment granules 
NDR 
Measurements (!J.ffi)t 
12.0--14.7 (13.3 ± 0.7) 
6.4-7.3 (6.8 ± 0.3) 
63.7-79.6 (72.8 ± 4.0) 
5.9-7.8 (6.7 ± 0.5) 
2.2-2.9 (2.5 ± 0.2) 
12.5-16.1 (l4.1 ± 1.0) 
10.7-15.8 (13.1 ± 1.2) 
7.0-9.8 (7.9 ± 0.7) 
71.6-92.0 (81.1 ± 5.1) 
6.2-7.4 (6.6 ± 0.3) 
1.9-3.0 (2.5 ± 0.3) 
11.1-16.2 (14.0 ± 1.3) 
18.7-26.1 (23.2 ± 1.8) 
2.0--3.5 (2.8 ± 0.4) 
46.2-68.8 (53.7 ± 5.2) 
18.0-32.0 (25.0 ± 4.4) 
0.6-1.0 (0.9 ± 0.1) 
11.7-14.2 (13.0 ± 0.8) 
6.2-8.8 (7.8 ± 0.8) 
69.8-90.4 (82.0 ± 6.3) 
6.0-7.2 (6.6 ± 0.3) 
2.3-2.8 (2.5 ± 0.2) 
12.6-15.8 (13.7 ± 0.7) 
17.6-23.3 (20.4 ± 1.8) 
2.1-3.4 (2.8 ± 0.4) 
40.4-62.6 (51.3 ± 7.9) 
13.0-28.0 (20.7 ± 3.6) 
0.5-1.0 (0.8 ± 0.1) 
* Morphometry of macro- and microgametocyte nuclei is not given due to markedly 
diffuse structure of the nuclei and the difficulty to measure them. 
t All measurements (n = 21) are given in micrometers. Minimum and maximum 
vaJues are provided, followed in parentheses by the arithmetic mean and standard 
deviation. 
t NDR = nucleus displacement ratio according to Bennett and Campbell (1972). 
dataset containing cyt b sequence data of previously identified hemospor-
idian parasites obtained from GenBank (accession numbers can be found 
on the phylogenetic tree, Fig. 29). The best-fit model of evolution, GTR + 
G, was determined using jModelTest (ver. 0.1.1) (Guindon and Gascuel, 
2003; Posada, 2008). Treefinder (Jobb et a!., 2004) was used to reconstruct 
a maximum likelihood phylogeny and bootstrap analysis. Bayesian 
posterior probabilities were generated from 10 million trees using the 
program BEAST (Drummond and Rambaut, 2007). We set the 
parameters in BEAST to allow for mutation rate heterogeneity among 
branches, thereby reducing the bias due to disproportionately long 
branches. We used the relaxed clock (uncorrelated lognormal) setting 
and lineage birth was modeled using a Yule prior. Likelihood stationarity 
of the sampled trees was determined graphically using TRACER (BEAST, 
Drummond and Raumbaut, 2007). The Bayesian and maximum likeli-
hood analyses produced the same tree topology. 
The ClpC sequences (505 bp) from H. jenniae (JQ609658) were 
compared to ClpC sequences from Haemoproteus multipigmentatus 
(FJ467568-FJ467571, FJ467573-FJ467577), H. iwa (JQ609657) and 
Haemoproteus columbae (EU254642, EU254646, EU254652) by consider-
ing the sequence divergence among lineages. 
The sequence divergence among lineages was calculated in MEGA 
(version 5.05) using a Jukes-Cantor model of substitution in which all 
substitutions were weighted equally. 
RESULTS 
With the exception of 1 DNA sequence from a gull sampled in 
2003 (GenBank JF833065), the results refer to 30 samples 
collected on Espanola in 2010. The PCR-based test used detects 
Haemoproteus, Plasmodium, and Leucocytozoon species. Only a 
Haemoproteus species was found in the investigated birds, by both 
microscopic examination and PCR-based diagnostics. Overall 
prevalence of infection was 8 of 31 (25.8%) in Galapagos. One 
infection was from a bird that had no obvious mate or nest at the 
time of capture, and 1 infection was found in a juvenile bird. The 
remaining 6 reported infections were from adults at some stage of 
breeding (paired with nest, egg, chick). Breeding is not necessarily 
synchronous in this species or at the study sites; it is difficult to 
determine whether birds without nests, eggs, or chicks will breed 
or are roosting at the site. 
DESCRIPTION 
Haemoproteus (Haemoproteus) jenniae n. sp. 
(Figs. 1-16; Table I) 
Young gametocytes (Figs. 1-4): Develop in mature erythrocytes. 
Earliest forms are seen anywhere in infected erythrocytes but more 
frequently in sub-polar position (Figs. 1, 4) or lateral (Fig. 2) to 
erythrocyte nuclei. Advanced gametocytes extend longitudinally along 
nuclei of erythrocytes but do not adhere to nuclei (Figs. 3, 4). Growing 
gametocytes, which exceed length of erythrocyte nuclei, usually do not 
touch both envelope and nuclei of erythrocytes along entire margin 
(Figs. 3, 4), a characteristic feature in the development of this species. 
Nuclear material diffuse and gathered along periphery in earliest 
gametocytes (Figs. 1, 2); it remains diffuse with unclear boundaries in 
advanced forms (Figs. 3, 4). Clearly visible unstained space resembling a 
vacuole present in central part of early gametocytes (Figs. 1, 2); this space 
decreases in size in advanced gametocytes (Fig. 3). One large vacuole-
present in many advanced gametocytes (Fig. 4). Pigment granules small 
«0.5 ~) and grouped in a focus (Fig. 4). Outline of growing 
gametocytes wavy (Fig. 1), irregular (Figs. 3, 4), or ameboid (Fig. 2). 
Influence of gametocytes on infected erythrocytes not pronounced 
(Figs. 1-4). 
Macrogametocytes (Figs. 5-12): Develop in mature erythrocytes. 
Cytoplasm blue, homogenous in appearance, contains small vacuoles 
which tend to merge together in advanced gafuetocytes and form large (up 
to 3 ~ in diameter), vacuole-like spaces usually located close to one end 
of gametocytes (Fig. 8). Volutin granules not seen. Gametocytes grow 
around nuclei of erythrocytes, do not displace nuclei laterally; closely 
associated with envelope of erythrocytes but not with their nuclei (Figs. 5-
11). Growing gametocytes either touch nuclei of erythrocytes only in 
several points or do not touch at all; accordingly, unfilled spaces of 
irregular shape ('clefts') present between gametocytes and nuclei. Such 
'clefts' disappear in fully-grown gametocytes, which completely encircle 
erythrocyte nuclei; closely appressed both to nuclei and envelope of 
erythrocytes occupying all cytoplasmic space in erythrocytes (Fig. 12). 
Circumnuclear forms (Figs. 11, 12) common. Parasite nucleus diffuse, of 
central or sub-central position, markedly irregular in shape with unclear 
boundaries (Figs. 5-11), thus difficult to measure, a rare character of 
hemoproteids. Nucleolus not observed. Pigment granules predominantly 
roundish, occasionally slightly oval in shape, of medium size (0.5-1 ~), 
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mostly randomly scattered throughout cytoplasm (Figs. 5, 10-12) but 
sometimes grouped (Fig. 9). In majority of gametocytes, pigment granules 
consistent in size and shape, a characteristic feature in this species 
(Figs. 5-12). Outline of growing gametocytes amoeboid, with prominent 
indentations on gametocyte side located towards erythrocyte nuclei 
(Figs. 5, 7-10); entire in fully-grown gametocytes (Fig. 12). Nucleus of 
infected erythrocytes not displaced or only slightly displaced laterally 
(Table I), but erythrocytes rounded up and significantly hypertrophied in 
width and area (P < 0.001 for both these features in comparison to 
uninfected erythrocytes). Advanced gametocytes slightly rotate nuclei of 
infected erythrocytes (between 5-15%) to normal axis (Figs. 5, 10, 12). 
Microgametocytes (Figs. 13-16): General configuration and main 
features as for macrogametocytes, with usual hemosporidian sexually 
dimorphic characters. 
Taxonomic summary 
Type host: Swallow-tailed gull Creagrus furcatus (Neboux, 1848) 
(Charadriiformes, Laridae). 
Type locality: The type material was collected from a nesting swallow-
tailed gull in a mixed-species seabird colony at Punta Cevallos on the 
island of Espanola (1°20'S, 89°40'W, close to sea level), Galapagos, 
Ecuador. 
Type specimens: Hapantotype (accession number 47781 NS, intensity of 
parasitemia is approximately 0.003%, lineage STGGALl, GenBank 
JN827318, C. furcatus, Punta Cevallos, Espanola, 10 20'S, 89°40'W, 
collected by I. Levin, 28 June 2010) was deposited in the Institute of 
Ecology, Nature Research Centre, Vilnius, Lithuania. Parahapantotypes 
(accession no. USNPC 104882.00 and G465491, other data as for the 
hapantotype) were deposited in the U. S. National Parasite Collection, 
Beltsville, Maryland and in the Queensland Museum, Queensland, 
Australia, respectively. 
Additional material: The samples of whole blood from the type host 
(original field numbers are STG26-STG55) and additional blood film 
preparations (slide numbers STG26-STG55, other data as for the type 
material) were deposited in Patricia Parker's molecular ecology laboratory 
at the University of Missouri-St. Louis, St. Louis, Missouri. Five blood 
films (accession numbers 47783-47787 NS, intensity of parasitemia is 
<0.0001 %, other data as for the type material) were deposited in the 
Institute of Ecology, Nature Research Centre, Vilnius, Lithuania. 
DNA sequences: Mitochondrial cyt b lineage STGGALl with GenBank 
JN827318. Caseinolytic protease C gene sequence (GenBank JQ609658). 
Site of infection: Mature erythrocytes; no other data. 
Prevalence: Seven of 30 investigated swallow-tailed gulls (23.3%) were 
infected at the type locality (the island of Espanola). Overall prevalence of 
infection was 8 of 31 (25.8%) in Galapagos. 
Distribution and additional hosts: According to this study and the 
GenBank data, the lineage STGGALl and gametocytes of this parasite 
were recorded in 8 swallow-tailed gulls (7 from the island of Espanola and 
1 from the island of Genovesa, Galapagos). This lineage was not reported 
from another seabird or land bird in Galapagos or elsewhere. The 
swallow-tailed gull breeds almost exclusively on the Galapagos Islands 
and, therefore, the islands are the extent of the known distribution. 
Etymology: This species is named in memory of Jenni Malie 
Higashiguchi, who was a graduate student at the University of 
Missouri-St. Louis (UMSL). Jenni was a bright and engaging colleague 
and a beloved friend of the campus community. Her research involved 
studying the hemosporidian parasites of the Galapagos Islands through 
population studies of the potential mosquito vectors. Before coming to 
UMSL, she grew up in Hawaii and attended the University in Hawaii, 
where she developed her love for birds and conservation biology. This 
species name is a tribute to her young life that ended while working so 
hard on the parasites of Galapagos birds. 
Remarks 
The most distinctive feature of development of H. jenniae is the presence 
of circumnuclear gametocytes occupying all cytoplasmic space in infected 
erythrocytes (Figs. 12, 16). Importantly, advanced, growing gametocytes 
(Figs. 5-11, 13, 15), in which the pellicle is closely appressed to the 
erythrocyte envelope but does not extend to the erythrocyte nucleus, are 
common; this causes a 'cleft' and gives the gametocyte a markedly 
irregular appearance. Such 'clefts' have been recorded in growing 
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FIGURES 1-16. Haemoproteus jenniae sp. nov. from the blood of swallow-tailed gull Creagrus furcatus. (1-4) Young gametocytes. (5- 12) 
Macrogametocytes. (13-16) Microgametocytes. Long simple arrows = nuclei of parasites. Short simple arrows = pigment granules. Triangle arrow 
heads = vacuole-like spaces. Giemsa-stained thin blood films. Bar = 10 11m. 
gametocytes of many species of avian hemoproteids, but they are rare in 
circumnuclear, or close to, circumnuclear forms (see Figs. 10, 11). 
Fourteen Haemoproteus species with such gametocytes are known to 
parasitize birds (see Valkiunas, 2005; Parsons et aI., 2010): Haemoproteus 
archilochus, Haemoproteus caprimu/gi, Haemoproteus circumnuclearis, 
Haemoproteus fuscae, Haemoproteus greineri, H. larae, Haemoproteus 
pit/ae, Haemoproteus plataleae, Haemoproteus rotator, Haemoproteus 
scolopac, Haemoproteus skuae, Haemoproteus stabler, Haemoproteus 
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FIGURES 17-28. Haemoproteus larae from the blood of black-headed gull Chroicocephalus ridibundus. (17-21) Young gametocytes. (22-25) 
Macrogametocytes. (26-28) Microgametocytes. Long simple arrows = nuclei of parasites. Long triangle arrow = nucleolus. Short simple arrows = 
pigment granules. Simple arrow head = unfilled colorless space visible in the infected erythrocyte (24); such spaces are similar to vacuole-like spaces in 
gametocytes of H. jenniae (see Figs. 8, 13) and should be distinguished from them. Giemsa-stained thin blood films. Bar = 10 11m. 
telfordi, and Haemoproteus velans. Haemoproteus jenniae can be readily 
distinguished from these parasites, primarily due to the presence of large, 
vacuole-like spaces in many growing gametocytes (Figs. 8, 13, 14). 
Haemoproteus jenniae should be distinguished from H. larae, which 
produces similar gametocytes and parasitizes closely related species of the 
Laridae. To facilitate comparison of these parasites, the original 
microphotographs of H. larae from its type vertebrate host (black-headed 
gull) sampled at the type locality (southeast Kazakhstan) are given in 
Figures 17- 28 for the first time. Haemoproteus larae can be distinguished 
from H. jenniae primarily due to (1) the predominantly even outline of 
young gametocytes (compare Figs. 1-4 with Figs. 17-21), (2) compact 
macrogametocyte nuclei (compare Figs. 4, 11 with Figs. 20, 24), (3) 
readily distinguishable nucleoli (see Fig. 25), and (4) numerous oval and 
frequently even rod-like pigment granules (see Figs. 23, 26, 27). It is 
important to note that pigment granules in mature gametocytes of H. larae 
are markedly variable in shape and size, and oval-elongated granules 
predominate (see Figs. 25, 27); that is not the case in H. jenniae (see 
Figs. 6--12, 15) and is the most easily distinguishable difference between 
these 2 species. Additionally, fully-grown gametocytes of H. jenniae cause 
the marked hypertrophy of infected erythrocytes in width and the 
rounding up of the host cells, but that is not the case in fully-grown 
gamefocytes of H. larae (compare Figs. 12 and 16 with Figs. 25 and 28, 
respectively). 
Unfilled, colorless spaces are sometimes visible in the infected 
erythrocytes with nearly mature gametocytes of H. larae before the 
gametocytes assume complete circumnuclear form (see Fig. 24). Such 
spaces are similar to vacuole-like spaces in gametocytes of H. jenniae (see 
Figs. 8, 13) and should be distinguished from them. 
Phylogenetic relationships of parasites 
Eight of 31 samples from Galapagos tested positive for Haemoproteus 
parasites by peR. All of the 8 infected individuals were parasitized by the 
same cyt b lineage of H. jenniae. Sequences from 5 individual birds, 
including the sample identified as the hapantotype, were used in the 
phylogenetic analysis. Despite being identical, we included these sequences 
in the phylogeny to help illustrate the lack of genetic variability detected in 
H. jenniae. This parasite is clearly distinguishable in the phylogenetic tree 
852 THE JOURNAL OF PARASITOLOGY, VOL. 98, NO.4, AUGUST 2012 
100 
97 
100 
100 
so 
97 
1------ p. multivacuolaris (FJ389157) 
'------ P. juxtanucleare (AB302893) 
-- 5 changes 
H. homobelopo/skyi (H0386241 ) 
H. nucleofascialis (H0386243) 
H. micronuclearis (H0386237) 
H. cyanomitrae (FJ404695) 
L-_____ H. balmorali (00630014) 
H. lanii (00630010) 
H. parabelopo/skyi (AF495575) 
L-___ H. magnus (00451426) 
H. sp. from Larus scoresbii (G0404558) 
H. minutus (00630013) 
H. sanguinis (00451410) 
H. pallidus (00630004) 
100 
H. danilewskii(0451411) 
94 
100 
99 
100 
H. sp. from Larus crassirostris (EF380176) 
H. syrnii (00451424) 
H. turtur (00451425) 
H. multipigmentatus (GU296222) 
H. multipigmentatus (GU296222) 
H. multipigmentatus (GU296220) 
H. multipigmentatus (GU296220) 
H. columbae (EU254548) 
'--___ -:'9::;S::-t H. columbae (EU254549) 
100 
H. columbae (EU254553) 
H.jenniae (JN827318) 
H.jenniae (JN827319) 
H. jenniae (JN827320) 
H.jenniae (JN827321) 
H. jenniae (JF833065) 
99 H. iwa (JF833050) 
100 H. iwa (JF833045) 
FIGURE 29. Maximum likelihood phylogeny of avian Haemoproteus species based on approximately 480 bp of the mitochondrial cyt b gene. Numbers 
above and below branches correspond to node support from maximum likelihood (>80%) and Bayesian (>90%) analyses, respectively. Two lineages of 
Plasmodium species are used as outgroups. GenBank accession numbers are given after parasite species names with the names of new species in bold. 
Vertical bars indicate groups of closely related lineages of hemoproteids belonging to the subgenera Parahaemoproteus (clade A) and Haemoproteus 
(clade B). • , 
(Fig. 29, clade B), which corresponds to its morphological features. 
Sequences of this parasite recovered from different individual hosts were 
identical, indicating a lack of genetic diversity in this portion of the cyt b 
gene. The lineages of H. jenniae significantly cluster with lineages of 
hippoboscid-transmitted species of Haemoproteus (Haemoproteus) spp., 
indicating that this parasite likely belongs to the subgenus Haemoproteus. 
The genetic divergence among different lineages of readily morpholog-
ically distinguishable H. jenniae, and the hippoboscid-transmitted H. 
multipigmentatus and H. columbae (Fig. 29, clade B), ranges from 5.6-
6.9% and 11.0-11.7%, respectively. Interestingly, the genetic distance in 
cyt b gene among closely related lineages of H. jenniae and H. iwa is only 
0.6% (Fig. 29); sequences of these morphologically readily distinguishable 
parasites differ only by 1 bp. 
The genetic distance between H. jenniae and hemoproteids from the 
Parahaemoproteus clade (Fig. 29, clade A) ranges between 8.9% and 13.1 %. 
Furthermore, the genetic distance among H. jenniae and Haemoproteus spp. 
reported in dolphin gull (Larus scoresbii) and black-tailed gull (Larus 
crassirostris) (Fig. 29, clade A) is 13.1 % and 11.7%, respectively. 
Because the genetic differentiation between H. jenniae and H. iwa is 
small at the investigated section of the cyt b gene, we also examined elpe 
sequence data from these parasites' plastid genome. At this 505-bp gene 
segment, we found 18 nucleotide differences between H. jenniae and H. iwa 
corresponding to a 4% sequence divergence. The sequence divergence at 
elpe gene between H. jenniae and H. iwa is greater than the sequence 
divergence at the same gene between H. multipigmentatus and H. columbae 
(3.2%). 
DISCUSSION 
Haemoproteus jenniae was attributed to the subgenus Haemo-
proteus because the cyt b lineages of this parasite cluster well with 
the lineages of the hippoboscid-transmitted species of hemopro-
teids, i.e., H. mu!tipigmentatus, H. columbae, and H. iwa 
belonging to the subgenus Haemoproteus (Fig. 29, clade B), but 
not to the lineages of the Culicoides spp.-transmitted hemopro-
teids belonging to the subgenus Parahaemoproteus (Fig. 29, clade 
A). Negligible genetic difference (0.6%) among cyt b sequences of 
H. jenniae and H. iwa is consistent with this conclusion. 
Hemoproteids of the subgenera Parahaemoproteus and Haemo-
proteus are transmitted by species of Ceratopogonidae and 
Hippoboscidae, respectively. They undergo different modes of 
gametogenesis and sporogony in the vectors (Bennett et a!., 1965; 
Atkinson, 1991; Valkil1nas, 2005) and, as a result, they usually fall 
in different clades in phylogenetic trees based on cyt b sequences 
(Martinsen et a!., 2008; Iezhova et a!., 2010; Santiago-Alarcon 
et a!., 2010; Valkil1nas et a!., 2010; Levin et a!., 2011). It is 
probable that phylogenies based on this gene can be used for 
identification of subgenera of avian Haemoproteus (Iezhova et a!., 
2011). Vector species of H. jenniae need to be identified; the 
phylogenetic relationships of detected lineages (Fig. 29) suggest 
that hippoboscid flies should be investigated first. 
In spite of the negligible genetic difference in cyt b sequences, H. 
jenniae and H. iwa are readily distinguishable based on morphology 
of their gametocytes. For instance, the number of pigment granules 
in macrogametocytes of H. iwa is at least twice that in 
microgametocytes; fully-grown gametocytes of this parasite are 
halteridial in shape and they do not assume circumnuclear form 
(Levin et a!., 2011). These readily distinguishable features are not 
characteristic of H. jenniae. However, gametocytes of these 2 
parasites also possess similarities, i.e., particularly in the morphol-
ogy of their pigment granules and vacuolization of the cytoplasm 
(Levin et a!., 2011). These data show how closely related, and 
genetically similar, lineages might belong to clearly different 
morphospecies, as is the case in H. jenniae and H. iwa (Fig. 29). 
The additional analysis of the plastid gene ClpC gives support for 
greater genetic divergence of H. jenniae and H. iwa than is revealed 
using the cyt b gene, corroborating our claim that they are, in fact, 
differentiated species. . 
It is worth mentioning that lineages of unidentified Haemopro-
teus species (Fig. 29, clade A) were recorded in the dolphin gull in 
the Falkland Islands (Quillfeldt et a!., 2010) and the black-tailed 
gull in South Korea (Ishtiaq et a!., 2007). They clustered with 
lineages of Culicoides spp.-transmitted hemoproteids such as 
Haemoproteus lanii, Haemoproteus passp;is, and Haemoproteus 
balmora!i (Valkil1nas, 2005). Morphological descriptions of these 
gull parasites are absent. Based on available phylogenetic 
information, it seems probable that hemoproteids of gulls might 
be transmitted by biting midges (Fig. 29, clade A) and hippobos-
cid flies (Fig. 29, clade B), and this warrants further investigation. 
This study and previously published data (Levin et a!., 2011) 
indicate that the vertebrate host range should be carefully used in 
identification of subgenera of avian Haemoproteus, because 
species of the subgenus Haemoproteus parasitize not only 
columbiform birds, as formerly believed, but also some species 
of marine birds. 
We mainly used identified morpho species of avian hemopro-
teids in the phylogenetic analysis (Fig. 29). Genetic distance 
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among the great majority of cyt b lineages of readily distinguish-
able morpho species is :2:5%. This is in accordance with the 
hypothesis of Hellgren et a!. (2007), and recent data from Iezhova 
et a!. (2011), that hemosporidian species with a genetic distance of 
:2:5% in the mitochondrial cyt b gene tend to be morphologically 
differentiated. However, there are also many readily distinguish-
able morpho species with genetic divergence <5% among their 
lineages; as small as < 1 % in some species, e.g., Haemoproteus 
minutus and Haemoproteus pallidus (see Hellgren et a!., 2007; 
Bensch et a!., 2009; Valkil1nas et a!., 2009; Iezhova et a!., 2010). 
This is also the case with H. jenniae and H. iwa, which are the first 
examples of negligible cyt b genetic differences between readily 
distinguishable morpho species from the clade of the subgenus 
Haemoproteus (Fig. 29, clade B). Additionally, these data indicate 
that genetic distance information between lineages should be used 
carefully in understanding phylogenetic trees based on the cyt b 
gene. Mainly, the genetic distance of :2:5% in this gene testifies to 
probable morphological differentiation, but as small a difference 
as 1 nucleotide substitution might be present in morphologically 
well-differentiated parasites belonging both to Haemoproteus and 
Parahaemoproteus subgenera. 
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MOLECULAR PHYLOGENETICS OF FLORIDOSENTIS WARD, 1953 (ACANTHOCEPHALA: 
NEOECHINORHYNCHIDAE) PARASITES OF MULLETS (OSTEICHTHYES) FROM MEXICO, 
USING 28S rONA SEQUENCES 
Rogelio Rosas-Valdez, Juan J. Morrone, and Martin Garcla-Varela* 
Museo de Zoologfa "Alfonso L. Herrera," Departamento de Biologfa Evolutiva, Facultad de Ciencias, Universidad Nacional Aut6noma de Mexico 
(UNAM), Apartado postal 70-399, 04510 Mexico D.F., Mexico. e-mail: rogrosas@ciencias.unam.mx 
ABSTRACT: Species of Floridosentis (Acanthocephala) are common parasites of mullets (Mugil spp., Mugilidae) found in tropical 
marine and brackish water in the Americas. Floridosentis includes 2 species distributed in Mexico, i.e., Floridosentis pacifica, restricted 
to the Pacific Ocean near Salina Cruz, Oaxaca, and Floridosentis mugilis, distributed along the coast of the Pacific Ocean and the Gulf 
of Mexico. We sampled 18 populations of F mugilis and F pacifica (12 from the Pacific and 6 from the Gulf of Mexico) and sequenced 
a fragment of the rDNA large subunit to evaluate phylogenetic relationships of populations of Floridosentis spp. from Mexico. Species 
identification of museum specimens of F mugilis from the Pacific Ocean was confirmed by examination of morphology traits. 
Phylogenetic trees inferred with maximum parsimony, maximum likelihood, and Bayesian inference indicate that Floridosentis is 
monophyletic comprising of 2 major well-supported clades, the first clade corresponding to F mugilis from the Gulf of Mexico, and the 
second to F pacifica from the Pacific Ocean. Genetic divergence between species ranged from 7.68 to 8.60%. Intraspecific divergence 
ranged from 0.14 to 0.86% for F mugilis and from 1.72 to 4.49% for F pacifica. Data obtained from diagnostic characters indicate that 
specimens from the Pacific Ocean in Mexico have differences in some traits among locations. These results are consistent with the 
phylogenetic hypothesis, indicating that F pacifica is distributed in the Pacific Ocean in Mexico with 3 major lineages. 
The Mugilidae (Osteichthyes) are a cosmopolitan family of ray-
finned fish that inhabit coastal temperate and tropical waters, 
with some species also found in freshwater (Nelson, 2006). They 
represent an important local source of food for humans in 
different regions along the Mexican coasts. Marine species spawn 
offshore in large school migrations, and juveniles live in brackish 
water, including estuaries and lagoons (Castro-Aguirre et aI., 
1999). 
Species of Floridosentis (Acanthocephala) are endoparasites of 
mugilid fishes and, rarely, other marine fish. They are distributed 
in the Atlantic Ocean from Florida in the United States to 
Argentina, and in the Pacific Ocean from Baja California in 
Mexico to Chile (Machado-Filho, 1951; Ward, 1953; Bravo-
Hollis, 1969; Skinner, 1975; Alarcos and Etchegoin, 2010, 
Gonzalez and Oliva, 2010). Floridosentis spp. are members of 
Neoechinorhynchidae and differ from other genera by the number 
and arrangement of the proboscis hooks. The proboscis has 8 
diagonally longitudinal rows of approximately 7 hooks each, and 
the size of the hooks decreases from anterior to posterior rows. 
The genus currently includes the species Floridosentis mUfjilis 
Machado-Filho, 1951; Floridosentis pacifica Bravo-Hollis, 1969;' 
and Floridosentis elongatus Ward, 1953. The distribution of 
Floridosentis in Mexico is based on previous records, showing that 
F. pacifica is endemic to Salina Cruz, Oaxaca, in the Pacific 
Ocean, whereas F. mugilis is distributed along Pacific and Gulf 
coast shorelines of Mexico (Garcia-Prieto et aI., 2010, and 
references therein). ..' 
The objectives of the present study were to examine the 
morphology of specimens of F. mugilis from the Pacific Ocean 
and F. pacifica, to collect specimens of Floridosentis spp. from 
mullets distributed in both coasts of Mexico, and to obtain partial 
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sequences of the large subunit (LSU) of the nuclear rDNA to 
analyze the systematics of these species in Mexico. 
MATERIALS AND METHODS 
Specimen collection and morphology 
From September 2009 to December 2010, mullets from different 
brackish water bodies were obtained with aid from local fishermen, using 
gill nets and hand nets ("atarraya") to catch fish. We sampled from 10 
localities along the Gulf of Mexico coast and 14 localities along the Pacific 
coast (Table I; Fig. 1). Mullets were placed on ice and were examined in 
search of acanthocephalans within the next 4 hr. Intestines were observed 
lJSing a stereoscopic microscope. Worms were removed, washed with 
saline solution (6.5%), kept in cold distilled water for 24 hr, and then 
stored in absolute ethanol. 
For morphological study, original descriptions of F mugilis and F 
pacifica and specimens from the Colecci6n Nacional de Helmintos 
(CNHE) were examined. Bravo-Hollis (1969) distinguished F pacifica 
from F mugilis by the shorter and robust body, smaller hooks, the 
difference between male and female proboscis receptacle, the uninucleate 
versus binucleate lemnis.ci, and by the smaller size of the ovary and eggs. 
These morphological features were observed and measured from 105 
specimens of Floridosentis spp. from the Pacific Ocean deposited in the 
CNHE. These specimens are from different localities, including F mugilis 
from La Paz, Baja California Sur (B.C.S.); Chamela, lalisco; Infiernillo, 
Michoactm; Manzanillo, Colima; Mazatltm, Sinaloa; Bahia de Ohiura, 
Bahia de Santa Maria, and Bahia de Topolobampo, all in Topolobampo, 
Sinaloa; and Laguna de Coyuca, Guerrero (CNHE 4919), although the 
last specimens were of poor quality for observations. Types and vouchers 
of F pacifica from Salina Cruz, Oaxaca, were examined. All specimens 
were from the Pacific Ocean coast in Mexico. 
From the Gulf of Mexico, only 3 specimens from Sontecomapan, 
Veracruz (CNHE 647) were available, these were of poor quality for 
observations. 
DNA extraction, amplification, and sequencing 
Three specimens from 18 localities (12 from Pacific Ocean and 6 from 
Gulf of Mexico) were digested overnight at 56 C in a solution containing 
10 mM Tris-HCI (pH 7.6), 20 mM NaCI, 100 mM Na2 EDTA (PH 8.0),1 % 
Sarkosyl, and 0.1 mg/ml Proteinase K. Following digestion, DNA was 
extracted from the supernatant with the use of the DNAzol reagent 
(Molecular Research Center, Cincinnati, Ohio) according to the manufac-
turer's instructions. A region from the LSU of the rDNA that includes the 
domains D2 and D3 was amplified with the use of the polymerase chain 
reaction (PCR). Approximately 700 bp of the LSU were amplified using the 
forward primer 502 (5'-CAAGTACCGTGAGGGAAAGTTGC-3') and 
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TABLE 1. Localities, host sample size, and geographical coordinates of Mugil spp. collected from Mexico. 
Localities* 
Pacific Ocean coast 
I. Bahia de Ohiura, Sin. 
2. Laguna EI Huizache, Sin. 
3. Estero en Teacapan, Sin. 
4. Bahia de Chamela, Jal. 
S. Laguna Cuyuthin, Col. 
6. Laguna de Nexpa, Mich. 
7. Teolan, Mich. 
8. Laguna de Tres Palos, Gro. 
9. Laguna de Chautengo, Gro. 
10. Laguna de Chacahua, Oax. 
II. Laguna Superior, Oax. 
12. Mar Muerto, Oax. 
13. Estero en La Conquista, Chis. 
14. Laguna La Joya-Buenavista, Chis. 
Gulf of Mexico coast 
IS. Ria Celestun, Yuc. 
16. Laguna Sabancuy, Cam. 
17. Laguna de Terminos, Cam. 
18. Laguna de Atasta, Cam. 
19. Pantanos de Centia, Tab. 
20. Laguna de Sontecomapan, Ver. 
21. Estero en Tecolutia, Ver. 
22. Laguna el Manguito, Ver. 
23. La Ribera, Ver. 
24. Laguna de Chila, Ver. 
Host species (examined/infected) 
M. cephalus (6/4) 
M. cephalus (10/3) 
M. cephalus (7/4) 
M. curema (9/3) 
M. curema (IS/6) 
Mugil sp. (24/14) 
Mugil sp. (24/0) 
M. curema (2S/12) 
M. cephalus (2S/4) 
M. cephalus (2017) 
M. curema (2014) 
M. cephalus (2010) 
M. cephalus (37/S) 
M. cephalus (20/6) 
M. cephalus (34/0) 
M. cephalus (3010) 
M. cephalus (8/2) 
M. cephalus (11/4) 
M. cephalus (2/0) 
M. cephalus (29/3) 
M. cephalus (2I/S) 
M. cephalus (1217) 
M. cephalus (S/4) 
M. cephalus (26/S) 
Coordinates 
2s036'IO"N,109°1'13"W 
23°S'S8"N, 106°13'28"W 
22°32'13"N, IOs044'4S"W 
19°31'S4"N, IOs04'49"W 
19°2'17"N, 104°18'1l"W 
18°S'7.74"N, 102°47'22.67'W 
18°4'2S.6S"N, 102°43'S2.26'W 
16°48'0"N, 99°47'0'W 
16°37'S7.!"N,99°5'39.6'W 
IsoS8'IS.7"N,97°40'S3.3'W 
16°19'48"N,9sol'S3'!"W 
W2'SO.38"N, 93°S4'24.66'W 
Is039' 48.32"N, 93°25'8.49'W 
Is048'S2.33"N, 93°3S'S.94"W 
200SI '9"N, 90°23' 48'W 
18°S8'S7"N,91°11'2'W 
18°37'20"N, 91 °48 '2S'W 
18°36'44"N, 92°S'4"W 
18°28'18"N,92°39'IS"W 
18°30'28"N, 9s01 'S9'W 
20°27' 34.8"N, 97° l' 44.2"W 
22°13'23.S"N, 97°48'S6.1"W 
22°6'S4.4"N,97°46'37.6"W 
22°11'11.6"N,98°2'S4.2'W 
Accession numbers (GenBank) 
JQ436S28-30 
JQ436S04, JQ436S17-8 
JQ436498-S00 
JQ436S11-3 
JQ436S14-6 
JQ436S2S-7 
JQ436S31-3 
JQ436S22-4 
JQ436S19-21 
JQ436S0S-7 
JQ436S01-3 
JQ436S08-9 
JQ436480-2 
JQ436486-8 
JQ43649S-7 
JQ436492-4 
JQ436489-91 
Not sequenced 
JQ436483-S 
• Abbreviations: Sin. = Sinaloa; Jal. = Jalisco; Col. = Colima; Mich. = Michoacim; Gro. = Guerrero; Oax. = Oaxaca; Chis. = Chiapas; Yuc. = Yucatan; Cam. = 
Campeche; Tab. = Tabasco; Ver. = Veracruz. 
reverse primer 663 (S'-GTCGATAGGACTCCCTTTG-3') (Garcia-Varela 
and Nadler, 200S). PCR reactions (2S ~I) consisted of 1 0 ~M of each primer, 
2.S ~I of lOx buffer, 1.5 ~I of IS mM of MgCIz, and 1 U of Taq DNA 
polymerase (Platinum Taq, Invitrogen Corporation, Sao Paulo, Brazil). 
PCR cycling parameters for rDNA amplifications included denaturation at 
94 C for 3 min, followed by 3S cycles of94 C for 1 min, annealing at SO C for 
I min, and extension at 72 C for I min, followed by a post-amplification 
incubation at 72 C for 10 min. PCR products were purified using Millipore 
columns (Amicon, Billerica, Massachusetts). Fragments were sequenced 
using 2 primers, S02 and S36 (S'-CAGCTATCCTGAGGGAAAC-3') 
(Garcia-Varela and Nadler, 200S). Sequencing reactions were performed 
with the use of ABI Big Dye (PE Applied Biosystems, Boston, 
Massachusetts) terminator sequencing chemistry, and reaction products 
were separated and detected with the use of an ABI 310 capillary DNA 
sequencer. Contigs were assembled with the use of Codoncode Aligner 
version I.4.S (Codoncode Corporation, Dedham, Massachusetts). All 
sequences were deposited in Genbank (Table I). 
Alignment and phylogenetic analyses 
• J 
A total of S4 sequences was generated in the current study. Another 3 
sequences were obtained from Genbank; 2 sequences corresponded to 
Neoechinorhynchus roseus Salgado-Maldonado, 1978, which was used as 
an outgroup (Genbank accession numbers FJ388999 and FJ389000) and I 
corresponded to F. mugilis (Genbank accession number AY829111). All 
sequences were aligned with MUSCLE (Edgar, 2004) implemented in 
Seaview (Gouy et aI., 2010). 
Phylogenetic analyses were inferred using maximum parsimony (MP), 
maximum likelihood (ML), and Bayesian inference. The MP analysis 
was performed in PAUP 4.0blO (Swofford, 2002) using a heuristic search 
with 100 replicates of a random addition sequence and tree-bisection-
reconnection algorithm. For model-based analyses, the software jModel-
Test v. O.!.! (Posada, 2008) was used to select the model of DNA 
substitution that best fits the data. TVM+G was selected based on the 
Akaike information criterion. The ML analysis was performed in GARLI 
(Zwickl, 2006) with the model family (6 substitution rate categories), 
gamma rate categories set to 4, and base pair state frequencies and the 
number of invariant sites estimated by the program. Maximum-likelihood 
trees were selected after 10,000 generations if no significant improvement 
in likelihood was observed, with the significant topological improvement 
level set at 0.01 (first condition for termination); the final solution was 
selected when the total improvement in the likelihood score was <O.OS 
compared with the last solution obtained. All other GARLI settings 
involved in the genetic algorithm were default values, per recommenda-
tions of the developer (Zwickl, 2006). The Bayesian analysis was 
performed with MrBayes 3.1.2 (Huelsenbeck and Ronquist, 2001). 
Analyses were repeated twice for 2.0 X 106 generations. This number of 
generations led to convergence in all analyses as estimated by split 
frequencies (P < 0.01). Trees were sampled every 100 generations. To 
establish appropriate burn-in values, we used the software Tracer vI.S.O 
(Rambaut and Drummond, 2008) to identify visually stationary of all the 
parameters sampled by the chains. The first 12.S% of sampled trees was 
estimated as burn-in; a SO% majority-rule consensus tree representing 
the. posterior probability distribution of clades was produced from the 
remaining trees . 
RESULTS 
Sampling and morphology 
Acanthocephalans belonging to Floridosentis were found in 2 
species of mullets (striped [Mugil cephalus] and white [Mugil 
curema]) in 19 of the 24 localities sampled (Table I). 
Morphological traits that diagnosed F. pacifica were examined 
and measured in specimens previously identified as F. mugilis 
and types of F. pacifica, all from the Pacific Ocean in Mexico 
(Tables II, III). Six characters are diagnostic for F. pacifica, i.e., 
shorter and more robust body, smaller proboscis hooks, minor 
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FIGURE 1. Map of Mexico showing sampled localities of Floridosentis spp. from the Pacific Ocean and Gulf of Mexico coasts. Numbers of localities 
correspond with numbers presented in Table I. 
differences between male and female proboscis receptacle, 
uninucleate versus binucleate lemnisci, and smaller size of ovary 
and eggs. Of these characters, specimens of F mugilis from Pacific 
Ocean have a body ratio and length of hooks (rows 1,4, and 7) 
higher than F pacifica, with the exception of the hooks of 
F mugilis from Chamela (see Table II) .. The comparison of 
differences between the male and female proboscis receptacles and 
lemnisci shows that F mugilis from Infiernillo, MazatUm, ~nd 
Topolobampo along the Gulf of Mexico coast have differences in 
the length of proboscis receptacle and that F mugilis from B.C.S. 
and Infiernillo in length of the lemnisci. Finally, the size of the 
ovary and eggs in F mugilis are similar to those of F pacifica 
(Table III). 
., 
Phylogenetic analyses and genetic divergence 
The LSD data set included 57 sequences with lengths of 757 
nucleotides. The MP analysis revealed that 556 characters were 
constant; 200 were parsimony-informative, and only 1 variable 
character was parsimony-uninformative. The heuristic search 
resulted in a single tree with 231 steps, CI = 0.96 and RI = 0.99. 
The ML analysis results in a single tree with -In likelihood = 
2,009.781586. The Bayesian analysis required 2 X 106 generations 
to reach an average standard deviation of split frequencies of 8.42 
X 10-3. 
Trees obtained with MP, ML, and the majority consensus 
obtained with Bayesian inference analyses yielded the same 
topology in 5 clades. The results from all the phylogenetic 
analyses are summarized in a single tree with bootstrap and 
posterior probability values, as shown in Figure 2. All the trees 
indicate that Floridosentis is monophyletic and is comprised of 2 
major clades with high bootstrap support and posterior proba-
bilities. One clade corresponds to F mugilis and is restricted to 
the Gulf of Mexico, whereas the other clade corresponds to F 
pacifica and the previous record of F mugilis from the Pacific 
Ocean. Both clades are subsequently subdivided in 2 and 3 
subclades, respectively (Fig. 2). The estimated genetic divergence 
(uncorrected P-distance) between F mugilis and F pacifica 
ranged from 7.88 to 8.60%, whereas the genetic divergence 
estimated among the 2 subclades from the Gulf of Mexico ranged 
fronl. 0.14 to 0.86% and from 1.72 to 4.49% among the 3 
subclades from the Pacific Ocean (Table IV). 
DISCUSSION 
Currently Floridosentis is composed of 2 New World species 
(Amin, 1985). The type species of the genus, F mugilis, was 
originally described as Atactorhynchus mugilis from the mullet 
fish Mugil platanus Giinther, 1880, and Mugil sp., from Rio de 
Janeiro, Brazil (Machado-Filho, 1951). Later, Ward (1953) 
described Floridosentis with type species F elongatus Ward, 
1953, to include acanthocephalans of the striped mullet (M. 
cephalus) from Florida. Bullock (1962) compared morphological 
traits of A. mugilis and F elongatus and considered both as 
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TABLE II. Measurement data of some morphological traits of Floridosentis mugilis of the Pacific Ocean and from the original descriptions of 
Floridosentis species. Data are presented in ranges (minimum and maximum values) and all measurements are in mm. 
Body ratio* 
Females 
F. mugilis B.C.S. (CNHE 585)t 25.0-35.2 
F. mugilis Chamela (CNHE 2868) 17.5-39.0 
F. mugilis Infiernillo (CNHE 614) 25.0-28.3 
F. mugilis Manzanillo (CNHE 646) 26.5-41.4 
F. mugilis Mazatlan (CNHE 586) 20.5-41.7 
F. mugilis Ohiura (CNHE 635-9) 19.8-28.9 
F. mugilis Machado-Filho, 1951 NP 
F. elongatus Ward, 1953 NP 
F. pacifica Bravo-Hollis, 1969, Salina Cruz 
(CNHE 615 and 2869) 13.0-17.7 
Males 
F. mugilis B.C.S. (CNHE 585) 17.8-32.8 
F. mugilis Chame1a (CNHE 2868) 13.1-24.0 
F. mugilis Infiernillo (CNHE 614) 18.3-30.0 
F. mugilis Manzanillo (CNHE 646) 17.2-21.4 
F. mugilis Mazathin (CNHE 586) 12.6-22.9 
F. mugilis Ohiura (CNHE 635-9) 20.4-21.9 
F. mugilis Machado-Filho, 1951 NP 
F. elongatus Ward, 1953 NP 
F. pacifica Bravo-Hollis, 1969, Salina Cruz 
(CNHE 615 and 2869) 9.2-14.3 
• Ratio for length and width of body. NP: Not provided. 
t B.C.S.: Baja California Sur. 
synonyms, retaining Floridosentis as the type genus. Bravo-Hollis 
(1969) described the second species, F pacifica, from the intestine 
of M curema from Salina Cruz, Oaxaca, Mexico (locality no. 11 
in Fig. 1). 
The morphological comparison shows that size of the ovary 
and eggs in specimens of F mugilis (from the Pacific Ocean) are 
consistent with those of F pacifica; however, specimens differ in 
the size of the body, lemnisci, and hooks. The use of quantitative 
data and absence of qualitative characters that differentiate F 
pacifica from F mugilis can result in an inaccurate identifica.tion, 
even more when descriptions are inaccurate. Description of F 
mugilis lacks some characters, such as length of the proboscis 
Hooks 
Row 1 Row 4 Row 7 
0.042-0.063 0.016-0.037 0.013--0.016 
0.037-0.045 0.015-0.02 0.007--0.01 
0.38-0.5 0.022--0.028 0.017--0.018 
0.05-0.053 0.03-0.035 0.012--0.02 
0.059--0.063 0.042--0.046 0.13--0.16 
0.037-0.056 0.026-0.045 0.012--0.015 
0.046 0.046 0.21 
0.04--0.05 0.034 0.013--0.02 
0.034-0.041 0.018-0.02 0.005--0.01 
0.047--0.053 0.026-0.04 0.013 
0.35 0.012--0.015 0.007 
0.043-0.051 0.031--0.036 0.01--0.013 
0.041-0.057 0.037--0.04 0.008--0.016 
0.056-0.063 0.034--0.042 0.016-0.017 
0.037--0.056 0.026-0.045 0.01 
0.046 0.046 0.21 
0.04--0.05 0.034 0.013-0.02 
0.029-3 0.013--0.021 0.005--0.006 
receptacle and differences of length between lemnisci (Tables II, 
.' III). In addition, type specimens of F mugilis were not examined, 
and another species, F elongatus (= F mugilis), was described 
from striped mullet in Florida. Its taxonomic status remains 
unclear, since the synonymy of F elongatus and F mugilis was 
established without study of the specimens (Bullock, 1962). 
Moreover, Golvan (1994) and Amin (1998) considered that F 
elongatus is a valid species. In conclusion, based on the size of the 
ovaries and eggs we have made a conservative estimate that the 
samples are F pacifica. However, the popUlations of Floridosentis 
of the Pacific Ocean in Mexico have significant variations that 
need further study to determine whether they are new taxa. 
TABLE III. Comparison of some morphological traits among Floridosentis mugilis of the Pacific Ocean and original descriptions of Floridosentis spp. 
Data are presented in ranges (minimum and maximum values) and all measurements are in mm . 
F. mugilis B.C.S.t 
F. mugilis Chame1a 
F. mugilis Infiernillo 
F. mugilis Manzanillo 
F. mugilis Mazatlan 
F. mugilis Ohiura 
F. mugilis Machado-Filho, 1951 
F. elongatus Ward, 1953 
F. pacifica Bravo-Hollis, 1969 
• Difference between females and males. 
.... J 
Proboscis receptacle* 
0.06-0.08 
0.02-0.06 
0.22-0.45 
0.03--0.57 
0.14-0.20 
0.25-0.28 
NP 
1.4 
0.03--0.15 
t Difference between uninucleate and binucleate lemnisci; NP: Not provided. 
t B.C.S.: Baja California Sur. 
Lemniscit 
3.90-4.56 
0.15--0.6 
0.59--0.96 
0.30-1.08 
0.23--0.68 
1.10-1.95 
NP 
NP 
0.33-1.51 
Ovary Eggs 
0.05--0.55 0.01 
0.07--0.13 0.03 
0.1--0.11 0.02 
0.08-0.1 0.016 
0.07--0.8 0.015 
NP 0.025--0.029 
0.15 0.034 
0.08--0.12 0.02 
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FIGURE 2. Phylogenetic tree obtained with ML, the MP tree, and Bayesian analysis (consensus). Parentheses after terminals indicates number of 
sequences for each locality. Values of bootstrap and posterior probabilities of the clades are above/under branches. 
Moreover, future morphological and molecular analyses with 
specimens of Floridosentis populations from the Gulf of Mexico 
(including Florida) and type locality ~i F mugilis could clarify 
the taxonomic status F elongatus and of populations of F mugilis 
from the Gulf of Mexico. 
Three phylogenetic methods were used to analyze the LSU 
dataset that includes samples from the Gulf of Mexico and Pacific 
Ocean coasts of Mexico. The MP, ML, and Bayesian trees show 
that Floridosentis is a monophyletic genus and is divided into 2 
clades. One clade includes specimens from the Pacific Ocean, 
while the other clade includes specimens from the Gulf of Mexico. 
Previous records of Floridosentis in the Pacific include F mugilis 
and F pacifica. However, based on phylogenetic analyses, we 
concluded that Floridosentis from the Pacific Ocean in Mexico 
belong to F pacifica. This conclusion is supported by the fact that 
the locality of Laguna Superior is near Salina Cruz, Oaxaca, 
the 'type locality of F pacifica. But we do not have specimens 
from type localities of F mugilis (Rio de Janeiro, Brazil) and F 
elongatus (Biscayne Bay, Florida); therefore, we take a conserva-
tive position in considering the samples from the Gulf of Mexico 
as F mugilis until the taxonomic status of F elongatus is clarified. 
Both clades have strong support as assessed by bootstrap 
resampling and posterior probabilities. The genetic divergence 
estimated between F mugilis and F pacifica ranged from 7.88 to 
8.60% (Table IV). These ranges of genetic divergence are similar 
to those reported by Martinez-Aquino et al. (2009), who iden-
tified 2 cryptic species of Neoechinorhynchus golvani in eleotrid 
fishes from the Gulf of Mexico and the Pacific coast. Monks et al. 
(20ll) described 1 of these cryptic species of Neoechinorhynchus 
from Pacific Ocean coasts. 
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TABLE IV. Uncorrected pairwise distances of the partial sequences of the LSU rDNA among populations of Floridosentis spp. from Mexico. 
Genotypes 
Gulf of Mexico (F. mugilis) 
I. Laguna de Terminos, Laguna de Chila, Laguna de Atasta 
II. Laguna EI Manguito, Laguna de Sontecomapan 
III. Estero en Tecolutla 
Pacific Ocean (F. pacifica) 
IV. Estero en Teacapan 
0.72 
0.86 
8.42 
II III IV V 
0.14 
7.98 8.13 
V. Bahia de Chamela, Laguna de Cuyutlan, Laguna EI Huizache, Laguna de Chacahua, 
Laguna de Chautengo, Laguna de Nexpa, Bahia de Ohiura, Laguna de Tres Palos 
VI. Estero La Conquista. Laguna EI Huizache, Laguna Superior, Laguna La 
Joya-Buena Vista, F. mugilis (Genbank) 
8.60 
8.31 
8.17 
7.88 
8.31 4.49 
8.03 4.06 1.72 
The phylogenetic trees, in combination with the high genetic 
divergence observed between F. mugilis and F. pacifica, indicate 
that both species are clearly restricted to the Gulf of Mexico and 
the Pacific Ocean coasts of Mexico, respectively. Two hypotheses 
of cladogenesis can be formulated, i.e., the closure of the 
Caribbean seaway by the emergence of Central America may 
have divided an ancestral species into 2 sister species, and there 
may be host specificity among host and parasite genotypes. 
The complete closure of the Isthmus of Panama, which 
occurred at approximately 3.5-3.1 Mya, is strongly confirmed 
by faunal patterns (Coates and Obando, 1996). This event has 
stimulated at least 34 geminate species that evolved after closure 
of the isthmus (Lessios, 2008). In the cosmopolitan M cephalus, 
recent studies have shown that differences in DNA occur in 
different regions of the world including the Pacific and Atlantic 
populations (Livi et aI., 2011). Land masses (for example North 
and South America) or deep seas are the principal barriers that 
prevent migration and consequent gene flow among mullets. The 
emerging of Central America (or closure of the Caribbean 
seaway) may have restricted gene flow between ancestral 
populations of Floridosentis from both shorelines of Mexico. 
This hypothesis is supported by the absence of genotypes from 
the Gulf of Mexico in any Pacific Ocean locality and vice versa. 
Floridosentis mugilis and M curema are widely distributed in 
South America along the Atlantic and Pacific shorelines; - the 
addition of other populations from both sides of South America 
could be used to further test this hypothesis. 
Alternatively, host specificity may be responsible for observed 
patterns. Host specificity plays an essential role in shaping the 
evolutionary history of host-parasite associations (Rosas-Valdez 
and Perez-Ponce de Leon, 2011). Species of Floridosentis are 
parasites of M. cephalus and M curema'in Mexico distributed in 
the Gulf of Mexico and Pacific (Castro-Aguirre et aI., 1999). 
Correlating clades of parasites and the definitive hosts, clades 1 
and 2 include specimens obtained from M cephalus. This suggests 
specificity among the host M cephalus and Floridosentis ge-
notypes 1 and 2. However, according to previous records, F. 
mugilis from the Gulf of Mexico is also a parasite of M. curema. 
Specimens of M. curema from the Gulf of Mexico are needed to 
test the hypothesis of genotypic specificity of the parasites of M 
cephalus. A similar situation occurs with clade 3, where specimens 
were obtained from M. cephalus; other records from the same 
region (Sea of Cortez), however, include M. curema as hosts 
(for previous records see references in Garcia-Prieto et aI., 2010). 
Both clades 4 and 5 include specimens from M. cephalus and M. 
curema, rejecting a possible specificity of each clade to a definitive 
host species. 
Principal clades are subsequently divided into subclades. The 
clade assigned to F. mugilis that is restricted to the Gulf of Mexico 
is subdivided into 2 subclades corresponding to different ge-
notypes (Fig. 2). These subclades exhibit low divergence among 
genotypes I, II, and III (ranging from 0.14 to 0.86%). Genotype I 
is situated in southeastern Gulf of Mexico in Laguna de Atasta 
and Laguna de Terminos areas. Both are distributed in a system 
of connected lagoons, but the same genotype was found also in 
Laguna de Chila, an unconnected lagoon system on the central 
Gulf of Mexico coast. A comparable situation occurs with ge-
notype II; it was observed in Laguna el Manguito and Laguna de 
Sontecomapan on the east side of Mexico. These are also isolated 
brackish water systems along the central Gulf of Mexico coast, 
but they are unconnected to the other systems. While Laguna de 
Chila and El Manguito are close together, they possess different 
genotypes (I and II, respectively). Finally, genotype III was found 
only in Estero en Tecolutla in the Gulf of Mexico. These 
observations led us to consider these populations as F. mugilis, a 
species with a wide-ranging distribution and relative low genetic 
variation. 
A different situation arises in the Pacific Ocean with F. pacifica 
subclades, where genotypes IV, V, and VI exhibit greater dif-
ferences compared with the Gulf of Mexico genotypes. Here, 
genetic divergence among genotypes ranges from 1.72 to 4.49% 
(Table IV). Genotype IV was only found in Estero en Teacapan; 
genotype V was found in Bahia de Chamela, Laguna de Cuyutlan, 
Laguna El Huizache, Laguna de Chacahua, Laguna de Chau-
tengo, Laguna de Nexpa, Bahia de Ohiura, and Laguna de Tres 
Palos; whereas genotype VI was found in Estero en la Conquista, 
Laguna Superior (type locality of F. pacifica), Laguna la Joya-
Buenavista, and El Huizache. Most of these localities are situated 
in southeastern Pacific and only El Huizache in western Pacific of 
Mexico, all of them in brackish water systems without evident 
connection, indicating that these genotypes have a wide distribu-
tion. Additionally, the sequence of F. mugilis from Genbank 
corresponds to F. pacifica. More sampling in the western Pacific 
Ocean is required to identify the diversity and distribution of 
genotypes. These results support the differences in morphology 
of specimens from the Pacific Ocean. Apparently, the genetic 
divergence observed among the 3 major lineages from the Pacific 
coast suggests that these subclades represent speciation events. 
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This hypothesis is supported by the morphological observations 
that show differences in specimens from different locations from 
the Pacific Ocean. 
Isolation can be the origin of the differentiation of the clades 
of the Pacific Ocean. The biology of mullets is well known, i.e., 
M. cephalus and M. curema larvae migrate from open sea to 
the estuaries and lagoons toward their nursery grounds. Diet of 
larvae and post-larvae of M. cephalus is mostly composed 
of zooplanktonic microcrustaceans. The animal component 
decreases with growth, and the fish tend to feed predominantly 
on phytoplankton until they reach about 40 mm in length; at a 
length of about 50 mm they become almost exclusively 
herbivores (see references in De Silva, 1980). This behavior led 
us to deduce that infection with Floridosentis spp. probably 
occurs in brackish water and not in the open sea. Mullets remain 
in this ecosystem until sexual maturity is reached, at between 2 
and 3 yr of age (Stenger, 1959), and then they migrate to spawn 
offshore. 
In acanthocephalans, it has been suggested that few species 
survive in their definitive host for more than 1 yr, and this 
probably occurs only in some homeotherm hosts (Kennedy, 
2006). If the infection occurs in brackish water, it is possible that 
the life cycle could be complete when eggs are released with feces 
and are consumed by their first intermediate host (the micro-
crustaceans), at which time they infect planktivorous juvenile 
mullet. Although life cycles of Floridosentis species are not 
known, other neochinorhynchids include intermediate hosts such 
as amphipods, copepods, and ostracods (Kennedy, 2006), which 
are the principal food resource for larval and post-larval mullets. 
Infection in the fishes sampled in this study always occurred in 
mullets ranging in size between 15 to 35 cm Uuvenile stage) in 
estuaries and lagoons. Mullets were necropsied from outside 
estuaries and lagoons in search of acanthocephalans, but none 
was infected. The intestines of mullets from estuarine and lagoons 
were dark in color because of the ingestion of sand and detritus. It 
is interesting to note that these mullets were most commonly 
infected with Floridosentis spp. The restriction of the Floridosentis 
spp. life cycle to the brackish water ecosystems would appear to 
promote the absence of gene flow among populations recognized 
as the 3 clades. Further analyses with molecular markers that 
evolve relatively faster than 28s are necessary in a different scale 
to support this hypothesis. 
We conclude that species of Floridosentis are allopatrically 
distributed, i.e., F. pacifica is restricted to the Pacific Ocean and 
F. mugilis to the Gulf of Mexico. The analyses of sequences and 
morphology suggest that some populations of F. pacifica are 
differentiated, which is mainly promoted by their wide geographic 
distribution and isolation. 
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A NEW SPECIES OF OPISTHIOGL YPHE (TREMATODA: TELORCHIIDAE) FROM GALL 
BLADDER OF TURTLES IN MALAYSIA 
Vasyl V. Tkach, Thomas R. Platt*, and Stephen E. Greimant 
Department of Biology, University of North Dakota, Grand Forks, North Dakota 58202. e-mail: vasyl.tkach@und.nodak.edu 
ABSTRACT: Opisthioglyphe sharmai n. sp, is described from the gall bladder of the Malayan box turtle, Cuora amboinensis, and the 
black marsh turtle, Siebenrockiella crassicollis, in Malaysia, The new species is morphologically similar to Opisthioglyphe ranae and 
some other members of the genus parasitic in amphibians and reptiles. Opisthioglyphe sharmai n. sp, is easily differentiated from all 
other members of the genus by the cirrus sac extending posterior to the ventral sucker, while in all previously known species the cirrus 
sac is entirely or mostly preacetabular with the base of the structure not reaching beyond mid-line of the ventral sucker. Despite the 
overall stable morphology, 0. sharmai n, sp. is characterized by highly variable arrangement of testes, from tandem to opposite. It is 
only the second representative of the genus described from turtles and the first species of Opisthioglyphe parasitic in gall bladder, while 
all previously described members of the genus are parasitic in the intestine of their hosts. 
Opisthioglyphe Looss, 1899, includes 16 species of intestinal 
parasites of amphibians and reptiles from different continents 
(Skrjabin, 1971; Yamaguti, 1971; Dunganova, 1974; Uchida et aI" 
1980; Wang, 1987; Moravec and Sey, 1989; Font and Lotz, 2008), 
The only species of Opisthioglyphe described from turtles to date 
is Opisthioglyphe pelusios Dollfus, 1950, from Pelusios subniger 
(Lacepede, 1789) in Gabon (Dollfus, 1950). The only additional 
record of Opisthioglyphe from turtles is the report of Opisthio-
glyphe dinodontis Wang, 1987, from Pelodiscus sinensis (Wieg-
mann, 1835) in China (Wang and Wang, 1992). It should be noted 
that O. dinodontis was initially described from a snake host 
(Wang, 1987). In the course of investigation of helminth fauna of 
turtles in Malaysia, we discovered a number of digeneans in gall 
bladders of several individuals of the Malayan box turtle, Cuora 
amboinensis (Riche in Daudin, 1801), and the black marsh turtle, 
Siebenrockiella crassicollis (Gray, 1830). Morphological study has 
shown that they represent a new species of Opisthioglyphe. Herein 
we describe the new species and differentiate it from previously 
known members of the genus. 
MATERIALS AND METHODS 
All turtles were purchased from professional trappers from various 
localities in Malaysia and held in freshwater tubs for no longer than 7 days 
until necropsy. Turtles were injected with a lethal dose of sodium 
pentabarbitol and necropsied using standard procedures (Platt, 1988) once 
the animal failed to respond with an eye blink when touched with a fine, 
camel-hair paint brush. Worms were killed by placing them in a small vial 
with enough saline to prevent desiccation, followed by the addition of 
steaming 5% neutral buffered formalin. The vial was quickly capped and 
then gently shaken. The worms were maintained in 5% formalin until 
staining. The worms were stained with Ehrlich's hematoxylin and 
prepared as whole mounts in Canada balsam for examination. 
Specimens were studied and measurements were taken on a DIC-
equipped Olympus BX51 compound microscope using Rincon HD 
software (Imaging Planet, Goleta, California). Mean, standard deviation, 
and coefficient of variation were calculated according to Steel and Torrie 
(1980). All measurements are in micrometers unless otherwise stated. 
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DESCRIPTION 
OpisthiogJyphe sharmai n. sp. 
(Figs, 1-3; Table I) 
Diagnosis (measurements based on 10 adult specimens, 5 from C. 
amboinensis and 5 from S. crassicollis; measurements of holotype in text; 
measurements of entire series used in description in Table J): Body 
elongate, widest near mid-length; body length 1,274, maximum body 
width 304; total length to maximum width ratio, 4:1. Tegument covered 
with spines, which gradually decrease in size and density as they extend to 
posterior end, disappearing posterior to level of testes. Oral sucker rounded, 
subterminal, 90 long X 101 wide, slightly larger than rounded ventral 
sucker, 89 X 93. Ventral sucker at border of first and second thirds of body; 
forebody constitutes 35% of body length. Prepharynx 20 long, muscular 
pharynx 49 long X 62 wide, esophagus 70. Intestinal bifurcation 213 from 
anterior end of body. Ceca terminating 100 from posterior body end. 
Testes 2, spherical to subspherical, intercecal, postovarian, separated from 
ovary by numerous uterine coils, situated near ends of ceca and close to 
posterior end of body. Testes usually oblique, but vary from almost opposite 
to almost tandem (Fig. 3). Anterior testis 100 long X 108 wide: posterior 
testis 106 X 113. Cirrus sac relatively large, somewhat curved, 203 X 54 wide, 
passing dorsal to ventral sucker. Base of cirrus sac extends short distance 
posterior to ventral sucker and opens into genital atrium distally. Cirrus sac 
with convoluted undivided internal seminal vesicle, prostatic glands, and 
inverted cirrus. Everted cirrus not observed. Genital pore median, dextral or 
sinistral, anterior to ventral sucker, 347 from anterior end of body. 
Ovary submedian, spherical or slightly oval, 100 long X 88 wide, 
situated immediately postero-dextrally to ventral sucker, sometimes 
slightly overlapping it. Seminal receptacle thick-walled, spherical to oval, 
immediately posterior to ovary. In fully mature specimens seminal 
receptacle is usually covered by uterine coils and not readily observed. 
Vitellarium consists of numerous, small, irregularly shaped follicles 
forming lateral, mostly extracecal, fields extending from midway between 
intestinal bifurcation and ventral sucker to posterior end of body. Lateral 
vitelline fields begin at 262 from anterior and of body; typically coalesce 
anterior to ventral sucker and posterior to testes. Ootype and Mehlis' 
gland complex median, postero-sinistral to ovary. Laurer's canal well 
defined, visible only in late juvenile stages. Uterus intercecal, with coils 
occasionally extending into supra- and extracecal spaces. Metraterm short, 
with well-defined muscular walls, 76 in length. Metraterm passes dorsal to 
cirrus sac before opening into genital atrium. Eggs operculate, 34-35 X 
15-17. Excretory pore terminal, surrounded by well-defined sphincter; 
excretory vesicle Y -shaped with long stem bifurcating just posterior to 
ootype into short branches reaching level of posterior margin of ovary. 
Taxonomic summary 
Type host: Malayan box turtle Cuora amboinensis (Riche in Daudin, 
1801) (Testudines: Geoemydidae: Geoemydinae). 
Other hosts: Black marsh turtle Siebenrockiella crassicollis (Gray, 1830) 
(Testudines: Geoemydidae: Geoemydinae). 
Type locality: Selangor State, Malaysia (specific locality not identified). 
Other localities: Ipoh, Perak State, Malaysia (specific locality not 
identified). 
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FIGURE 1. Adult specimens of Opisthioglyphe sharmai n. sp. (A) Holotype. (B) A smaller paratype specimen from Siebenrockiella crassicollis. 
(C) Ootype-ovarian complex of a paratype. (D) Cirrus sac and metraterm of a paratype. Scale bars: A, B = 500 Iffil, C = 100 ~m, D = 100 ~m. 
Prevalence and intensity of infection: Five of 25 (20%) C. amboinensis 
were infected with mean intensity of 3.2 and mean abundance of 0.6; 9 of 
24 (37.5%) S. crassicollis were infected with mean intensity of 2.8 and 
mean abundance of 1.0. 
Specimens deposited: The type series consists of 12 fully mature 
specimens, 1 of the paratypes slightly broken and I missing the 
posteriormost part of the body. Holotype: U.S. National Parasite 
Collection (USNPC) no. 105151, labeled Opishthioglyphe sharmai Ex. 
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FIGURE 2. Juvenile specimens of Opisthioglyphe sharmai n. sp. (A) Early juvenile stage showing early stage of gonad and uterus development. (B, C) 
Late juvenile stage with majority of internal organs developed, but lacking eggs. (B) Reproductive system organs. (C) Same specimen as in (B), with 
uterus not shown in order to demonstrate the shape of the excretory bladder. Scale bars: A = 250 11m, B, C = 500 11m . 
. , 
Cuora amboinensis, gall bladder, Selangor State, Malaysia, coil. profes-
sional trapper 1-7 Jan 2008 ID: TRP M-5-08/1-7. Paratypes: USNPC 
nos. 105152-105153, the same label; paratypes: USNPC nos. 105154-
105156, labels Opishthioglyphe sharmai Ex. Siebenrockiella crassicollis, gall 
bladder, Ipoh, Perak St., Malaysia, coil. professional trapper, 27-31 Jan 
2008 and 11-13 Feb 2008 (the labels are identical other than dates of 
collecting). Additionally, juvenile specimens were deposited in the USNPC 
under accession numbers 105157-105158. 
Etymology: The species is named for Dr. Reuben S. K. Sharma, 
Universiti Putra Malaysia, for logistical support during this study. 
Remarks 
Despite the highly unusual localization in the definitive host (gall 
bladder instead of intestine), all morphological features of the new species, 
such as the body shape and spination, arrangement of gonads, position of 
uterus between ovary and testes, posterior position of testes, extent of ceca, 
shape and length of the excretory bladder, and presence of unipartite coiled 
seminal vesicle in the cirrus sac, indicate that 0. sharmai n. sp. belongs to 
Opisthioglyphe, Telorchiidae. The majority of the 16 described species of the 
genus are quite uniform morphologically; however, the new species can be 
readily differentiated from all known species. The most prominent 
morphological feature that differentiates O. sharmai n. sp. from almost all 
other members of Opisthioglyphe is the cirrus sac extending posterior to the 
ventral sucker. In all other members of the genus, except for Opisthioglyphe 
japonicus Uchida, Itagaki and Inoue, 1980, and Opisthioglyphe cophixa/i 
Moravec and Sey, 1989, the cirrus sac is either entirely preacetabular or 
partially overlaps the ventral sucker, but never extends posterior to it. 
In addition to the different position of the cirrus sac, the new species 
differs from 0. pelusios Dollfus, 1950, a species from African turtles 
866 THE JOURNAL OF PARASITOLOGY, VOL. 98, NO.4, AUGUST 2012 
FIGURE 3. Posterior ends of 4 specimens of Opisthioglyphe sharmai n. sp. demonstrating variability in the relative position of testes. (A, B) Specimens 
from Cuora amboinensis. (C, D) Specimens from Siebenrockiella crassicollis. 
(Dollfus, 1950), in having a larger body, relatively shorter area occupied 
by uterus, testes significantly closer to the posterior end of the body, and 
vitellarium confluent in the forebody. 
Opisthioglyphe japonicus, described from frogs Rana japonica Boulen-
ger, 1879, Rana rugosa (Temminck and Schlegel, 1838), Rana tagoi Okada, 
1928, and Rana nigromaculata (Hallowell, 1861) in Japan (Uchida et al., 
1980), and O. cophixali, described from the frog Cophixalus parkeri 
Loveridge, 1948, in Papua New Guinea (Moravec and Sey, 1989), are the 
only other species of Opisthioglyphe with the cirrus sac extending posterior 
to the ventral sucker. The most striking difference between these 2 species 
and 0. sharmai n. sp. is the distribution of vitelline follicles. The anterior 
margin of the vitelline fields in O. sharmai n. sp. is mid-way between the 
ventral sucker and the cecal bifurcation, while in both 0. japonicus and O. 
cophixali the vitelline field reaches to the pharynx and oral sucker. This 
feature is consistent in all specimens of the new species and all 3 specimens 
illustrated by Uchida et al. (1980) and in the text description. In addition, 
the oral sucker in the new species is slightly larger than the ventral sucker, 
while in 0. japonicus the situation is reversed with the oral sucker 
somewhat smaller than the acetabulum. The eggs in 0. cophixali are much 
larger than in the new species (54-60 vs. 30-36, respectively). 
Opisthioglyphe sharmai n. sp. differs from 0. dinodontis Wang, 1987, in 
several important features, as described from snakes and turtles in China 
(Wang, 1987). In 0. dinodontis the vitelline fields extend anteriorly only to 
the level of the genital pore and do not coalesce anteriorly, while in the 
new species the vilelline fields merge anteriorly to the genital pore. The 
testes in 0. dinodontis are situated much farther from the ends of ceca and 
closer to the ovary than in the new species. As a result, the uterine coils 
occupy a much greater proportion of the body in the new species than in 
0. dinodontis. 
These morphological differences allow for a reliable differentiation of 
the new species from previously described species of Opisthioglyphe. It is 
additionally corroborated by the specific and consistent localization of the 
new species in the gall bladder of turtles, while all other members of the 
genus were reported exclusively from intestine. 
DISCUSSION 
We did not differentiate the new species from Opisthioglyphe 
koisarensis Dunganova, 1974, another species with the cirrus sac 
extending posteriorly well beyond the ventral sucker because, in 
our opinion, 0. koisarensis belongs in Dolichosaccus Johnston, 
1912. The description of 0. koisarensis is extremely brief and 
incomplete, and the author did not mention whether the internal 
seminal vesicle is divided or undivided (Dunganova, 1974). The 
drawing is of poor quality and omits many morphological details. 
However, the drawing does show the distribution of the vitelline 
follicles, which is typical of species in Dolichosaccus. The relative 
size of the cirrus sac in O. koisarensis also corresponds to species 
of Dolichosaccus. Therefore, we propose Dolichosaccus koisarensis 
(Dunganova, 1974) n. comb. 
Opisthioglyphe sharmai n. sp. occupies a highly unusual habitat, 
the gall bladder of turtles. Despite the morphological corre-
spondence of 0. sharmai n. sp. to the generic diagnosis of 
Opisthioglyphe, its presence in the gall bladder makes us 
somewhat cautious about the generic position of the new species. 
Either future studies of life cycle and morphology of larval stages 
or molecular phylogenetic information should provide a definitive 
answer on the phylogenetic relationships and systematic position 
of this species. Unfortunately, all specimens in our possession 
were initially fixed with hot formalin and mounted permanently 
on slides and thus were unusable for molecular studies. 
Switching the localization in the host from the intestine to the 
.' gall bladder is not unique among plagiorchioid digeneans, 
including those considered in the past to be close relatives of 
Opisthioglyphe. For instance, Rutshurutrema acanthodes Baer, 
1959, is the only species of Omphalometridae Looss, 1899, 
parasitic in gall bladder of its shrew host (Baer, 1959), while all 
remaining representatives of the family are known only from the 
intestine (Tkach, 2(08). 
Although the general appearance and position of internal 
organs of O. sharmai n. sp., other than relative position of the 
testes, were quite constant, most metric characters were rather 
variable. The size of eggs, length of the metra term, sucker size, 
and pharynx length were among the most stable metric characters 
(see coefficient of variation in Table I), while the body length, size 
of testes, esophagus length, and distance from ceca to posterior 
end of body were among the most variable characters. Although 
the size of seminal receptacle seems to be stable, we do not 
consider this character meaningful because the seminal receptacle 
could be measured in only 3 specimens, and this is clearly 1 of the 
organs that changes in size substantially, depending on the 
physiological state and age of the organism. 
The body length of specimens obtained from C. amboinensis 
(range 1,274-1,787, mean 1,512) was, on average, larger than 
specimens obtained from S. crassicollis (range 825-1,598, mean 
1,185). This may be due to host-induced variability based on 
differences in physiology, the crowding effect (most specimens 
from S. crassicol/is came from a single turtle that had 10 
digeneans in gall bladder), or other factors. We have no basis to 
suspect that they may represent different species because of the 
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TABLE I. Metric data for Opisthioglyphe sharmai n. sp. 
Characters n Min-max 
Body length 11 825-1,787 
Body width 12 259-408 
Oral sucker length 12 75-122 
Oral sucker width 12 81-136 
Prepharynx length 12 9-23 
Pharynx length 12 35-57 
Pharynx width 12 40-78 
Esophagus 12 41-87 
Forebody length 12 325-586 
Cecal bifurcation to ant end 12 149-272 
Ventral sucker length 12 76-113 
Ventral sucker width 12 81-119 
Cirrus sac length 11 146-253 
Cirrus sac width 11 39--67 
Anterior testis length 11 75-157 
Anterior testis width n 64-174 
Posterior testis length 11 79-167 
Posterior testis width 11 48-143 
Genital pore to anterior end 12 248-463 
Ovary length 11 77-138 
Ovary width 11 71-137 
Vitellaria to anterior end 12 180--376 
Seminal receptacle length 3 56-65 
Seminal receptacle width 3 34-44 
Metraterm 10 60--87 
Ceca to posterior end 11 67-140 
Egg length 36 30--36 
Egg width 36 14-17 
• Coefficient of variation. 
lack of other meaningful morphological differences. Moreover, 
the average egg size in o. sharmai n. sp. from the 2 turtle species 
was exactly the same at 33.1 J.l.m. 
One curious manifestation of morphological variability observed 
in the new species was the arrangement of testes. Although the 
testes always occupied the same position in the body, their relative 
position varied from nearly opposite to nearly tandem in specimens 
from both turtle hosts (Fig. 3). This observation suggests that this. 
character should not be given much weight in species differentia-
tion and phylogenetic assessments of this group of digeneans. 
Opisthioglyphe sharmai n. sp. is the sixth species of the genus 
known from reptiles worldwide and only the second species of 
Opisthioglyphe described from turtles. Dollfus (1950) described o. 
pelusios from Pelusios nigricans in Gabon, and 0. dinodontis 
originally described from snakes (Wang:i987) was later reported 
from a turtle (Wang and Wang, 1992). However, in the absence of 
accessible specimens for examination it is difficult to judge the 
conspecificity of 0. dinodontis reported from snakes and turtles. 
It was rather surprising to find this new species in C. 
amboinensis, a turtle species that was subject to a substantial 
number of parasitological studies summarized by Murray et aL 
(2004a). At the same time, 0. sharmai is only the fourth species of 
digeneans and ninth species of helminth found in S. crassicollis 
(Murray et aI., 2004b). Our finding, along with several recent 
descriptions of new helminths taxa from turtles in southeast Asia, 
suggests that the turtles in the region harbor a rich, and still 
understudied, parasite fauna. 
Mean SD CV· 
1,333 302.0 22.7 
355 51.0 14.3 
101 16.8 16.7 
105 17.8 17.0 
16.6 5.5 32.9 
48.3 7.6 15.8 
58.6 11.3 19.3 
64.2 16.2 25.3 
451 92.5 20.5 
215 43.3 20.1 
97.2 12.0 12.4 
102 12.1 11.9 
210 38.7 18.4 
52.8 8.8 16.7 
116 27.9 24.0 
113 28.3 25.1 
116 27.8 23.9 
105 26.5 25.1 
352 79.6 22.6 
108 17.0 15.8 
104 18.1 17.3 
275 66.7 24.2 
60.3 4.5 7.5 
38.3 5.1 13.4 
73.5 9.1 12.4 
105.5 23.8 22.6 
33.1 1.5 4.5 
15.8 l.l 6.9 
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Prevalence of Antibodies to Theileria equi and Babesia cabal/i in Horses From 
Northeastern Mexico 
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tColiege of Veterinary Medicine and Biomedical Sciences, College Station, Texas A&M University, College Station: Texas 77845-4458; Ho ~hom 
correspondence should be addressed. e-mail: jose.segura52@hotmail.com 
ABSTRACT: The objective of this study was to obtain an estimate for 
seroprevalences of Theileria equi (Babesia equl) and Babesia caballi in 
horses from northeastern Mexico, Sera were collected in spring of 2007 in 
248 clinically healthy horses used for different purposes, Antibodies were 
detected by the indirect immunofluorecent technique, The overall 
seroprevalence was 61.7% and those for T. equi and B, caballi were 
45.2% and 27.4%, respectively. Horse purpose, sex, and age group were 
not associated with infection with Theileria equi or Babesia caballi. 
Equine piroplasmosis (babesiosis) is a vector-borne disease of equids 
caused by 2 obligatory intra-erythrocytic protozoans, Theileria equi 
(Babesia equt) and Babesia caballi. Both parasites are transmitted by 
ticks, in which the parasite has a compulsory stage for sexual 
reproduction. The parasites have a worldwide distribution and are 
endemic in Mexico. Some of the competent vectors identified in the 
literature include species of Dermacentor, Anocenter, Rhipicephalus, 
Hyalomma and, probably, Boophilus. In addition, iatrogenic transmission 
by injection material is possible (De Waal, 1992; Stiller and Coan, 1995; 
Friedhoff and Soule, 1996). 
Symptoms vary from chronic to acute. In the latter, clinical signs 
include fever, anorexia, depression, anemia, icterus, hemoglobinuria, and 
colic. The chronic form usually appears after an acute phase, i.e., clinical 
signs are not specific and include loss of body condition, poor exercise 
tolerance, and slow recovery. On a few occasions, the acute form has been 
reported where horses are found dead or moribund before the appearance 
of premonitory signs (Friedhoff and Soule, 1996). Disease is usually more 
severe with T. equi (De Waal, 1992). The incubation period for T. equi is 
12-19 days and 10-30 days for B. cabel/i. Because the signs of equine 
babesiosis are not specific, its diagnosis is difficult. Blood smears can be 
submitted for parasitic observation but they are rarely definitive. 
Serological tests are more commonly used; techniques include complement 
fixation, indirect fluorescent antibody (IFA) test, and ELISA (Ristic, 
1992; Quiroz, 2005). It has been proven that there is not a cross-reaction 
between T. equi and B. caballi (Quiroz, 2005). Prevalence estimations,are 
very important, both to quantify the problem at the host population level· 
and to epizootiologically characterize the different regions of a country. 
Effective treatment for equine piroplasmosis is not well established. Many 
drugs have been used. The objective of the present study was to estimate 
the seroprevalence of T. equi and B. caballi infection in horses from 
northeastern Mexico and to determine the risk factors associated with the 
occurrence of the disease. 
The study was carried out in March 2007 in Nuevo Leon, Mexico. The 
climate of the region is sub-humid tropical, wilh an average temperature of 
14-24 C and an annual rainfall of 200-800 mm. Two-hundred forty-eight 
clinically healthy horses (males and females), 1.5- to 18-yr-old, were 
examined. The horses were from the municipalities of Guadalupe, Santa 
Catarina, San Pedro, San Nicolas, Monterrey, and Escobedo in the state of 
Nuevo Leon, Mexico. The horses were engaged in different life styles, ranging 
from sports Gump n = 122, "charreria" n = 28, and polo, n = 15) and 
recreation (n = 31) to work (carthorse n = 20 and mounted police n = 32). 
Two blood slides were prepared from the tail tips of each horse and 
stained with Giemsa for later observation using light microscopy (X 100) 
to search for blood parasites. For sera tests, blood samples were obtained 
by jugular venipuncture using vacuum tubes and disposable needles. 
Blood samples were refrigerated for 72 hr and sent to the laboratory of 
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Pathology and Clinical Diagnosis of the Faculty of Veterinary Medicine 
and Animal Science of the Autonomous University of Nuevo Leon, Nuevo 
Leon, Mexico, where they were centrifuged at 2,000 g for 10 min. Sera were 
isolated and kept in Eppendorf tubes and stored at - 20 C until tested. 
An IF A test was used to determine antibody activity to T. equi and B. 
caballi. Positive and negative controls in the IF A test were of horse origin; 
the conjugate was of rabbit antihorse serum origin and the antigen was 
infected horse erythrocytes prepared in a cell culture, spread on a slide, 
dried at room temperature, and stored at - 20 C. The IF A test was 
conducted by thawing the antigen slides at room temperature and 
inscribing small wells of nail polish in 2 rows of 7 wells each. Double 
dilutions were carried out in order to avoid errors in the IF A test. 
Dilutions of the test sera (10 0) were placed in each well and incubated at 
37 C in a humidity chamber for 30 min. Negative and positive control sera 
were applied to each antigen slide. Mter incubation, the slides were 
washed with phosphate buffered saline (PBS, pH 7.2 at 4 C) solution, kept 
in a receptacle, and shaken continuously during 15 min in a wash bottle. 
Conjugate was then applied (10 ILl) and the slides were incubated as before 
(IlCA, 1987). Mter a second wash to remove unattached conjugate, the 
slides were read using a Zeiss UV microscope with glycerinlPBS as the 
immersion medium. The sensitivity and specificity of the tests were 99% 
and 93%, respectively. 
Seroprevalences and 95% confidence intervals were obtained for T. equi 
and B. caballi using the formula provided by Thrusfield (2007). 
Association of sex, age group, horse life style, and the presence-absence 
of antibodies in sera were compared using Chi square tests (Dean et aI., 
2011). To identify significant differences between proportions, a proba-
bility of less than 0.05 was considered to be statistically significant. 
Table I summarizes the results of the study. Only 2 infections from 248 
samples were detected using microscopic examination. The 0.81 % parasite 
prevalence is lower than that (5.7%) reported by Correa and Lopez (1990) in 
87 healthy horses. The best and more-reliable method for detection of the 
causative agent in hors~s is microscopic examination, but the chance of 
detection is substantially reduced in sub-clinical infections (Soulsby, 1988). 
However, the collective seropositivity for T. equi and B. caballi was 61.7%; 
T. equi was 45.2% compared with 27.4% for B. caballi. These numbers also 
compare favorably with the high seropositivity found in other species such 
as cattle (50-56%) and deer (53% and 75%) in the Same region (Teclaw et 
aI., 1985; Cantu-Martinez et aI., 2008) as well as with the absence of clinical 
cases. The equine seroprevalence found here is higher than the 23.7% noted 
by Olivera and Garcia (2001) in Venezuela but slightly lower than that 
obsemed (73.6%) in Brazil (Botteon et aI., 2002). Abutarbush et al. (2012) 
used a competitive enzyme-linked immunosorbent assay for 253 clinically 
normal horses in Jordan and reported seropositivities of 14.6% for B. equi 
and 0% for B. caballi. The difference between the latter numbers and our 
study may be due to the different assay employed. In 3 localities of 
northwestern India, Malhotra et al. (1978) obtained T. equi seroprevalences 
of 34.0% (511150) in Harana, 47.2% (34172) in Uttar Pradesh, and 96.4% 
(53/55) in Rajasthan using the capillary agglutination test. 
There were no differences for seropositivity between males and females 
for T. equi and B. caballi. Overall seropositivities for males and females 
were 65.6% and 54.9%, respectively. For T. equi, 46.5% (731157) of male 
horses and 42.9% (39/91) of females were positive, whereas for B. caballi, 
29.9% (47/157) were seropositive males and 23.1% (21191) were 
seropositive females. Ten females and 17 males were positive to both T. 
equi and B. caballi. The lack of difference between genders has also been 
reported by Olivera and Garcia (2001) in thoroughbred racing horses in 
Venezuela and for 121 horses in Brazil (Botteon et aI., 2002). 
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TABLE I. Seroprevalences of Babesia caballi and Theileria equi and totals for different-purpose horses in Nuevo Leon, Mexico. 
Purpose Animals sampled B. caballi (+) 
Carthorse 20 6 (30.0%) 
Mounted police 32 2 (6.3%) 
"Charro" 28 5(17.9%) 
Recreation 31 5 (16.1%) 
Jump 122 21 (17.2%) 
Polo 15 2 (13.3%) 
Total 248 41 (16.5%) 
* Positive to both B. caballi and T. equi. 
There was no association between age group and seropositivity to T equi 
and B. caballi. The seroprevalences for 1-, 2 to 3-, 4 to 5-, 6 to 8-, and 9 to 18-
yr-old groups were 33.3%, 64.0%, 67.9%, 60.9%, and 61.7%, respectively. In 
racing horses, Olivera and Garcia (2001) observed a high seroprevalence for 
the animals in the 2- to 4-yr range. More positive animals were expected in 
older age groups because of longer time exposure. Olivera and Garcia 
(2001) also reported differences between localities. Furthermore, there was 
no association between horse life style and seropositivity to T equi or B. 
caballi (Table I), probably because of the small sample size. 
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ABSTRACT: We studied the frequency of antibodies against Toxoplasma 
gondii in stray dogs in the city of Oaxaca, Mexico through the evaluation 
of 154 sera by indirect ELISA. A frequency of 61.7% was found; it was 
higher in males (45 of 65, 69.2%) than in females (49 of 89, 55.0%), 
although this difference was not statistically significant. An increase in 
frequency was observed with age, the lowest being among animals younger 
than I yr (4 of20, 20.0%) and the highest in dogs older than 7 yr (21 of25, 
84.0%). This is the first study in dogs of this region of Mexico and revealed 
high T. gondii transmission and evidence of early exposure in animals that 
are in close contact with contaminated water or raw meat, or both. 
Further studies are needed in order to understand the role of T. gondii 
infection in public health. 
The frequency of Toxoplasma gondii infection in dogs has been 
extensively investigated worldwide. The role of canine toxoplasmosis in 
the epidemiology of this parasitic disease has not been clarified; however, 
these animals can act as sentinels of environmental contamination with 
oocysts and can be used to demonstrate the parasite pressure to other 
hosts, including humans (Sedlak and Bartova, 2006; Lindsay and Dubey, 
2007). Prevalence varies according to the geographical region and 
increases with age because T. gondii is a lifelong, chronic infection (da 
Silva et aI., 2005; Zhang et aI., 2010). Serological studies of T. gondii in 
dogs of Mexico have only been performed in the northern states; thus, no 
information is available for the southern and southeastern regions, 
including the state of Oaxaca, where higher frequencies are expected due 
to warmer conditions (Dubey et aI., 2007, 2009). The aim of the present 
paper was to describe the frequency of specific IgG antibodies in stray 
dogs from a city located in southeastern Mexico. 
The study was conducted in the city of Oaxaca de Juarez (1 r4'N, 
96°43'W), located at an altitude of 1,555 m above sea level, with an annual 
average temperature of 22.5 C, an average annual rainfall of 729.9 mm, 
and a population of >263,000 inhabitants (INEGI, 2010; Municipio De 
Oaxaca, 2010). One-hundred and fifty-four dogs were randomly selected 
from the municipal canine and anti-rabies control center. The dogs had 
been captured in different parts of the city during a 4-mo period. Genaer . 
and age (estimated on the basis of dental arches) of each animal 
were registered (Ellenport, 1993). Animals were grouped by age into 5 
categories: younger than I yr, I to 2 yr, 2 to 5 yr, 5 to 7 yr, and >7-yr-old. 
A blood sample without anticoagulant was collected from each animal 
by puncturing the cephalic vein; the serum was separated, aliquoted, and 
frozen at -20 C until use. IgG antibody detection was carried out by 
indirect ELISA following the methodology described by Figueroa-Castillo 
et al. (2006). The samples were tested on opolystyrene 96-well plates 
previously covered with 5 ~g/ml of crude extract prepared from T. gondii 
RH strain tachyzoites. Each serum was diluted I :400 in PBS 0.05% 
Tween® 20 and incubated at 37 C for 2 hr; subsequently, plates were 
washed and specific conjugate (anti-dog IgG-peroxidase, Sigma, St. Louis, 
Missouri), diluted I :400, was added and incubated as before. After 
washing, the chromogen-substrate solution (H20 2/O-phenylendiamine) 
was added and incubated in the dark until color development, stopping 
the reaction with 50 ~I of 0.1 N sulfuric acid/well. The absorbance (Abs) 
values at 490 nm were obtained with an ELISA reader (Turner 
Biosystems, Sunnyvale, California). Negative and positive control sera 
from dogs previously confirmed by western blot were included in each 
plate. An ELISA index (EI) was calculated as described by Silva et al. 
(2007), with modifications, by the following formula: EI = Abs sample/ 
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TABLE 1. Frequency of antibodies against Toxoplasma gondii in relation to 
gender and age strata. 
Seropositive 
Variable/group Total of animals n % 
Gender 
Male 65 45 69.2 
Female 89 50 56.2 
Age (yr) 
<I 20 4 20.0 
1-2 7 4 57.1 
2-5 71 46 64.8 
5-7 31 20 64.5 
>7 25 21 84.0 
Total 154 95 61.7 
Abs cutoff. Samples with an EI ~1.2 were considered positive. Differences 
in anti-T. gondii antibody frequencies among age groups and sexes were 
statistically tested using a Chi square test, while differences in mean Abs 
were proved by an ANOVA, followed by a Mann-Whitney U-test, using 
JMp software (Version 5.0.1, SAS Institute Inc, Cary, North Carolina). 
Anti-T. gondii IgG antibodies were found in 95 of 154 dogs (61.7%). 
The frequency of antibodies in males was 69.2% and in females was 56.2%, 
although the difference was not significant. Increasing trends of antibody 
frequency and absorbance mean were observed along age strata, the 
lowest being found in animals younger than I yr (20.0%) and the highest 
among those older than 7 yr (84.0%; Table I). This increasing trend was 
statistically significant (P,<0.05 for both variables). 
The results obtained in the present study differ from those previously 
published in our country for this species, being much higher than those in 
the state of Durango. Dubey et al. (2007) assayed dogs from shelters of the 
city of Durango, using a modified agglutination test (MAT), and found 
51.5% (52 of 101) of the animals to be seropositive for T. gondii. Later, 
they evaluated samples of different animals, including strays (by MAT to a 
serum dilution of I :25), detecting antibodies against T. gondii in 68 
(45.3%) of 150 animals tested (Dubey et aI., 2009). No statistically 
significant difference was observed between genders, but a significant age-
related increase was found, from 20% in young dogs to 84.0% in animals 
older than 7 yr. These results are similar to those described in other 
regions of the world (Ali et aI., 2003; Zhang et aI., 2010). 
This study is the first in this host in Oaxaca, Mexico. We found a high 
frequency of infected dogs, higher than previously described for other 
regions, and evidence of early exposure which suggests environmental 
contamination with oocysts. It is necessary to extend this type of study to 
gain a better understanding of the epidemiology of T. gondii in Mexico 
and its impact on public health. 
The authors thank Hector Luna-Pasten and Rafael L6pez-Reboseno for 
excellent technical support. 
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Phylogenetic Position of Creptotrema funduli in the Allocreadiidae Based on Partial 28S 
rONA Sequences 
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ABSTRAcr: The infrequently reported allocreadiid digenean Creptotrema 
funduli Mueller, 1934 is documented from the blackstripe topminnow, 
Fundulus notatus (Cyprinodontiformes: Fundulidae), in the headwaters of 
the Biloxi River, Harrison County, Mississippi. Specimens from Mis-
sissippi were compared with the type material from Fundulus diaphanus 
menona from Oneida Lake, New York, and no substantial difference was 
found. A fragment of ribosomal DNA, comprising a short portion of the 
3' end of 18S nuclear rDNA gene, internal transcribed spacer (ITS) genes 
(including ITSl, 5.8S, and ITS2), and the 5' end of the 28S gene including 
variable domains D I-D3 was sequenced for the species. A portion of the 
28S rDNA gene from C. funduli, plus similar fragments from 8 other 
allocreadiids and the callodistomatid Prosthenhystera sp., were aligned 
and subjected to maximum likelihood and Bayesian inference analyses. 
Resulting phylogenetic trees were derived from the analyses and used to 
estimate the relationship of Creptotrema Travassos, Artigas, and Pereira, 
1928 with other allocreadiids. Creptotrema was found to be closely related 
to Megalogonia Surber, 1928 and 3 Neotropical genera, i.e., Wallinia 
Pearse, 1920, Creptotrematina Yamaguti, 1954, and Auriculostoma Scholz, 
Aguirre-Macedo, and Choudhury, 2004. No molecular data were available 
for species in Creptotrema prior to this study, so the ITSl, 5.8S, and ITS2 
genes have been made available for comparative studies involving 
neotropical species in the genus. 
Creptotremafunduli Mueller, 1934 (Figs. 1,2) is a digenean belonging in 
the Allocreadiidae Looss, 1901. Creptotrema Travassos, Artigas, and 
Pereira, 1928 includes C. funduli from northern North America, 
Creptotrema agonostomi Salgado-Maldonado, Cabanas-Carranza, and 
Caspeta-Mandujano, 1998 from Mexico, and 6 other species indigenous to 
South America (Curran 2008). In the present study, C. funduli is reported 
from a new host, the blackstripe topminnow, Fundulus notatus (Rafi-
nesque, 1820) (Cyprinodontiformes), in the upper reaches of the Biloxi 
River, Harrison County, Mississippi. Specimens from Mississippi were 
compared critically with the type material, and nuclear ribosomal genes 
were sequenced from extracted genomic DNA (from Mississippi material). 
We investigated the phylogenetic relationship of C. funduli within the 
Allocreadiidae based on maximum likelihood (ML) and Bayesian 
inference (BI) analyses using partial sequences of the 28S rDNA g.me. 
The data produced are based on new genetic material plus sequences' 
downloaded from GenBank. 
Thirty individuals of the blackstripe topminnow were collected from a 
single site on the Big Biloxi River in Harrison County, Mississippi 
(30034.093'N, 89°07.842'W) from 2 May through 1 September 2011. Fish 
were transported live to our laboratory where they were killed and 
examined for parasites within 12 hr. Forty-seven specimens of C. funduli 
were collected from the intestine of 18 fish (Rq:valence of infection 60%). 
Mean intensity of infections was 2.6 worms per infected fish. Live worms 
were rinsed in saline solution (7.5 ppt), examined using a dissecting 
microscope, and either transferred to 95% ethanol (specimens destined for 
genomic DNA extraction) or killed with hot tap water and transferred to a 
10% neutral buffered formalin solution (specimens destined for voucher-
ing). Formalin-fixed specimens were rinsed in distilled water and stained 
using aqueous Van Cleave's hematoxylin following the procedure by 
Curran (2008). 
Five vouchers were deposited in the United States National Parasite 
Collection, Beltsville, Maryland (USNPC Nos. 105238-105241), and 5 
vouchers were deposited at The University of Southern Mississippi's 
(USM) Gulf Coast Research Laboratory (GCRL) Museum, Ocean 
Springs, Mississippi (GCRL Museum Nos. 3069-3073). Genomic DNA 
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was extracted individually from 6 ethanol-fixed specimens using a Qiagen 
DNeasy extraction kit (Qiagen Inc., Valencia California) following the 
instructions provided. DNA fragments measuring approximately 2,500 base 
pairs long, comprising a short portion of 3' end of 18S nuclear rDNA gene, 
internal transcribed spacer (ITS) genes (ITSl, 5.8S, and ITS2), and the 5' 
end of the 28S gene including variable domains D I-D3 were amplified from 
each DNA sample by polymerase chain reaction (PCR) using the forward 
primer ITSF (5'-CGCCCGTCGCTACTACCGATTG-3') and the reverse 
primer 1500R (5'-GCTATCCTGAGGGAAACTTCG-3'). Amplified PCR 
FIGURE 1. Creptotrema funduli Mueller, 1934. Ventral view of whole-
mount collected from Fundulus notatus in the Biloxi River, Harrison 
County, Mississippi. Scale bar = 200 ~m. 
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FIGURE 2. Creptotrema funduli Mueller, 1934. Terminal genitalia of 
laterally mounted specimen from Fundulus notatus in the Biloxi River, 
Harrison County, Mississippi. Scale bar = 200 11m. 
products were gel-purified with 1.2% agarose gel in 1 X TAE buffer. 
Samples of PCR product were cut from theJel, and samples were extracted 
and purified using Qiagen QIAquice columns according to the 
manufacturer's instructions. Purified products were again amplified using 
ITSF and 1500R primers plus 900F (5'-CCGTCTTGAAACACGGAC-
CAAG-3'), 300F (5'-CAAGTACCGTGAGGGAAAGTTG-3'), 300R (5'-
CAACTTTCCCTCACGGTACTTG-3'), digl2 (5'-AAGCATATCAC-
TAAGCGG-3'), dig12R (5'-CCGCTTAGTGATATGCTT-3'), ECD2 
(5' -CTTGGTCCGTGTTTCAAGACGGG-3'), and d58R (5' -GTCGATG-
TTCAAAGCAGTATGC-3'). Purified reactions were then sequenced using 
an Applied Biosystems (Carlsbad, California) 3130™ Genetic Analyzer 
automated DNA sequencer with Applied Biosystems BigDye™ terminator 
chemistry. Continuous sequences were assembled and edited using 
Sequencher® version 5.0 sequence analysis software (Gene Codes Corpora-
tion, Ann Arbor, Michigan). Sequences were aligned with the Clustal_W 
module in BioEdit version 7.0.9 (Hall, 1999) and further edited by eye. 
Sequences from all 6 isolates of C. funduli were identical. 
A representative sequence was submitted to GenBank under accession 
number JQ425256. All sequences measured 2,627 bases long and consisted 
of a fragment of the 3' end of 18S nuclear rDNA gene (28 bases), ITSI 
(750 bases), 5.8S (152 bases), ITS2 (289 bases), and a fragment of the 5' 
end of the 28S gene including variable domains DI-D3 (1,380 bases). The 
interface between the ITS2 and 28S fragfnent was located using the 
Internal Transcribed Spacer 2 Ribosomal Database (Keller et al., 2009). 
The partial 28S rDNA sequence from C. funduli was then aligned with 
comparable sequences obtained from GenBank as follows: Allocreadium 
lobatum Wallin, 1909 (EF032693); Auriculostoma astyanace Scholz, 
Aguirre-Macedo, and Choudhury, 2004 (HQ833707); Bunodera sp. 
(HQ833704); Crepidostomum illinoiense Faust, 1918 (HQ833705); Crepto-
trematina aguirrepequenoi Jimenez-Guzman, 1973 (HQ833708); Mega-
logonia ictaluri Surber, 1928 (EF032694); and Wallinia chavarriae 
Choudhury, Hartvigsen-Davardin, and Brooks, 2002 (HQ833703). The 
alignment was trimmed on each end to the length of the shortest sequence. 
The resulting alignment was 1,236 bases with gaps. Phylogenetic analysis 
of the data was performed using HI with MrBayes version 3.1.2 software 
(Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003). The 
best nucleotide substitution model was estimated with jModeitest 0.1.1 
(Guindon and Gascuel, 2003; Posada, 2008), based on Akaike Informa-
...----------- Prosthenhystera sp . 
...---- Allocreadium lobatum 
.92 
...--- Bunodera Sp. 
84 
Crepidostomum iIIinoiense 
Megalogonia ictaluri 
Creptotrema funduli 
Auriculostoma astyanace 
Creptotrematina aguirrepequenoi 
FIGURE 3. Phylogram of relationships among some genera of the 
Allocreadiidae based on Bayesian inference analysis of 28S rDNA. 
Posterior probabilities are shown above the nodes and bootstrap support 
values are shown below. The phylogram is mid-point rooted. Scale bar = 
0.02% sequence variance. 
tion Criterion, as general time reversible with estimates of invariant sites 
and gamma-distribution among-site rate variation (GTR+I+ T). 
The following model parameters were used in MrBayes: nst = 6, rates = 
invgamma, ngen = 1,000,000, samplefreq = 100. The first 2,500 trees were 
discarded as "bum-in". The bum-in value was 2,500, estimated by 
plotting the log-probabilities against generation and visualizing plateau in 
parameter values, (sump burnin = 2,500). Nodal support was estimated by 
posterior probabilities using the sumt command (Huelsenbeck et aI., 
2001). The analysis was mid-point rooted, treating Prosthenhystera sp. 
(Callodistomidae Odhner, 1910) (GenBank EF032690) as part of the 
ingroup. ML analysis using heuristic search options was also conducted 
using PAUP* 4.0bl0 (Swofford, 2002) with the analysis rooted by 
Prosthenhystera sp. The resulting best tree showed identical topology to 
that derived by BI. Nodal support for the ML-derived tree was inferred by 
bootstrap analysis using 1,000 replicates, with each replicate terminating 
after 100 addition-sequence replicates. The BI derived tree is presented as 
a mid-point rooted phylogram with posterior probability values presented 
above bootstrap values on each branch (Fig. 3). 
For the most part: morphological observations and measurements of 
key features from specimens of C. funduli from Mississippi (n = 18) 
conformed to the diagnosis for the genus (see Caira and Bogea, 2005) and 
to measurements given in the original description for the species (Mueller, 
1934). Our specimens from Mississippi were slightly larger overall, ranging 
from 730-1,375 11m long by 236-421 Ilill wide, compared with 685-
1,000 Ilill long by 274-300 11m wide (Mueller, 1934). In addition, the 
pharynx was generally slightly larger in the Mississippi specimens, ranging 
from 48-77 11m long by 57-71 Ilill wide compared with an average 
di<nneter of 55 11m in the original description (Mueller, 1934). Mueller 
(1934) presented line drawings of specimens with an oral sucker-to-ventral 
sucker-width ratio of 1:1.4-1.5. We observed the oral sucker-to-ventral 
sucker-width ratios from the syntypes (USNPC No. 32543) (n = 7) to 
range from 1:1.2-1.5. The same ratio from Mississippi specimens (n = 18) 
was 1:\.2-1.4. In both the generic diagnosis by Caira and Bogea (2005) 
and in the original description, the margin of the testes is reported to be 
smooth (=entire), but we observed that the testicular margins were 
somewhat irregular (with lobes extending in length less than half their 
width) in 13 specimens from Mississippi (all larger than 1,011 11m in total 
body length), and we observed the uterus encroaching on the posterior 
testis in 3 of the larger specimens from Mississippi. Remnants of eyespots 
are expected in adults of all allocreadiid species, but they were not 
previously reported for C. funduli. We observed prominent remnants of 
eyespots in the forebody of the syntypes deposited by Mueller (1934) and 
in all Mississippi specimens. The slight differences between the Mississippi 
specimens and the original series should be attributed to the relatively 
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TABLE I. Reports of adult specimens of Creptotremafunduli, host species (Order: Family), locality, and museum specimens deposited. 
Author Host Locality Museum specimens 
Mueller, 1934 Fundulus diaphanus menona 10rdan & Copeland, Oneida Lake, New York 7 Syntypes USNPC No. 32543 
1877 (Cryprinodontiformes) 
Bangham, 1937 
Bangham, 1940 
Bangham, 1955 
Wiles, 1975 
Dechtiar and 
Culea ineonstans (Kirtland, 1840) (Gasterosteiformes) 
FWldulus ehrysotu~ (Giinther, 1866) (Cryprinodontiformes) 
Umbra limi Kirtland, 1840) (Esociformes) 
Wayne County, Ohio None 
Charlotte County, Florida None 
Lake Huron None 
Fundulus diaphanus diaphanus (Cryprinodontiformes) 
U. limi 
Nova Scotia, Canada None 
Ontario, Canada National Museum of Natural Sciences, 
Christie, 1988 
Dechtiar et aI., 1988 
Szalai and Dick, 1991 
U. limi 
Perea jlaveseens (Mitchill, 1814) (Perciformes) 
Ottawa, Canada* 
Ontario, Canada National Museum of Natural 
Sciences, Ottawa, Canada* 
Manitoba, Canada None 
* Parasites from this study were temporarily held at University of Guelph, Ontario, Canada pending final deposition at the National Museum of Natural Sciences, Ottawa, 
Canada. 
small sample sizes from which data has been obtained thus far for the 
species. 
The tree we produced agrees in topology with previously published 
estimates of phylogeny for the Allocreadiidae (see Curran et aI., 2011 and 
references therein). In the present analyses, Creptotrema was most closely 
related to the North American genus Megalogonia Surber, 1928, a genus 
represented by a single species, M ictaluri, in ictalurid catfishes 
(Siluriformes) (Fig. 3). If it is assumed that C. funduli and the 7 other 
species in the genus represent a natural group, the present tree and the 
previously mentioned ones suggest that South American allocreadiids are 
paraphyletic and probably have ancestors with North American origins. 
Mueller (1934) described C. funduli from Fundulus diaphanus menona 
10rdan and Copeland, 1877 (Cyprinodontiformes) from Oneida Lake, 
New York. The species has since been reported on a number of occasions 
from various fishes throughout North America. Reports of adults 
collected are presented in Table 1. The other North American species, 
C. agonostomi, occurs in the Balsas catfish, Ictalurus balsanus 10rdan and 
Snyder, 1900 (Siluriformes) and in the mountain mullet, Agonostomus 
mugilieola (Bancroft, 1834) (Mugiliformes) in Mexico (Salgado-Maldo-
nado et aI., 1998). Interestingly, Creptotrema is not known from Central 
America, but 6 species are present in South America where they parasitize 
indigenous pimelodids and headstanding catfishes (Siluriformes), anosto-
mids (Characiformes), at least I cichlid (Perciformes), and I toad (Anura) 
(see Curran, 2008). It is apparent that species of Creptotrema utilize 
definitive hosts from a wide range of vertebrate orders. 
We are grateful for the help with molecular techniques provided by Jean 
A. Jovonovich and Janet Wright (both from the University of Southern 
Mississippi [USM]), and we thank the students in the 2011 USM Summer 
Field Program for assisting with collections. Eric P. Hoberg and Patricia 
A. Pilitt (USN PC) provided the loan of the type material for C. funduli. 
This material is based on work supported by the National Science 
Foundation under grant no. 0529684 and USDC, NOAA award 
no. NA08NOS4730322. 
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Maternal Care in the Soft Tick Antrico/a marginatus 
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ABSTRACT: Among spiders, scorpions, and whip spiders, a common type 
of maternal care consists of females carrying newly hatched offspring on 
their body for a few days until they are able to live independently. While 
this maternal care has been suggested to occur in different argasid tick 
species, it has been recorded only once, for Antricola marginatus in Cuba; 
however, this earlier record only superficially mentioned the occurrence of 
this behavior, with no further details. Here we report the occurrence of 
maternal care in the argasid tick A. marginatus under natural conditions in 
a cave at Yucatan, Mexico, where 8 A. marginatus females, while walking 
on bat guano, had their body entirely covered by a mean number of 305 ± 
112 conspecific unfed larvae (range: 105-466). Larvae covered the entire 
idiosoma of the female tick, where they were motionless or displayed just 
slight movement. This result substantially expands the number of unique 
characters that have been found only in Antricola spp. ticks, when 
compared to the other tick genera. Our findings also indicate that 
maternal care evolved independently in different taxa of Arachnida, since 
it has been reported for species of Araneae, Scorpiones, and Amblypygi, 
and here for an Acari species. 
The arthropod class Arachnida is composed of II extant orders, 
including Araneae (spiders), Scorpiones (scorpions), Amblypygi (whip 
spiders), and Acari (mites and ticks) (Shultz, 1990). Among spiders, 
scorpions, and whip spiders, a common type of maternal care includes 
females carrying newly hatched offspring on their body for a few days 
until these offspring are able to live independently (F oelix, 1996; 
Lourenyo, 2002; Weygoldt, 2000). While this type of maternal care has 
been speculated to occur for different argasid tick species (Hoogstraal, 
1985; Oliver, 1989), it has been recorded only once, in Antricola 
marginatus females in Cuba (Cerny, 1967). However, this earlier record 
only superficially described this behavior, with no extensive details. 
Among 896 tick species known to exist in the world (Guglielmone et a!., 
2010), the argasid Antricola, composed of only 17 species, is unique in 
having only 1 hematophagous life stage, the larva, which feeds on bats. 
The remaining Antricola active stages (nymphs and adults) have reduced 
mouth parts not adapted to blood feeding; therefore, they are not 
considered to involve parasitism on vertebrate hosts (Hoogstraal, 1985; 
Oliver, 1989). 
Here we describe the occurrence of maternal care in the soft (argasid) 
tick A. marginatus under natural conditions. This result substantially 
expands the number of unique characters that have been found only 
among Antricola species, when compared to the other tick genera. Our 
findings also indicate that maternal care evolved independently in different 
taxa of Arachnida because it has been reported for species of Araneae, 
Scorpiones, and Amblypygi (Foelix, 1996; Lourenyo, 200x; Weygoldt, 
2000), and here for an Acari species. • ' 
Tn June 2010, while collecting argasid ticks in Calcehtok Cave 
(20U33'02"N, 89 c 54'43"W), Yucatan, Mexico, various specimens of A. 
marginatus ticks were collected on the guano in a cave chamber inhabited 
by large numbers of bats. In total, 9 bat species have been reported to 
occur in this cave (Torres-Flores and L6pez-Wilchis, 2010). Nymphal and 
adult stages were observed walking on the guano, as previously observed 
for other Antricola species in bat caves (De la Cruz, 1976; Labruna et a!., 
2011). Eight guano-walking females had their body entirely covered by 
numerous small ticks (Fig. I), which were confirmed to be unfed A. 
marginatus larvae through microscopy examination in the laboratory, 
where the total number of larvae were counted for each female tick. Tick 
taxonomic identifications followed Cooley and Kohls (1944) and Cerny 
(1966). Each of the 8 females harbored a mean number of 305 ± 112 
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larvae (range: 105-466). Larvae were observed to cover the entire body 
(idiosoma) of the female tick, where they were motionless or displayed 
only slight movement. 
During transportation of live females to the laboratory, which took 
3 days, all larvae remained on the female body. When a few larvae were 
intentionally brushed off, they immediately returned to the female's body, 
where they remained. However, with the intention to feed A. marginatus 
larvae in the laboratory, I female containing live larvae was slightly 
brushed onto the skin of the ears of a tick-naive domestic rabbit 
(Oryctolagus cuniculus), when larvae actively left the female tick and 
immediately attached to the rabbit's skin. During the subsequent 2 days, 
larvae remained attached, increased their body size, and became clearly 
reddish, evidence of blood consumption. However, from the third feeding 
day onward, larvae began to die while still attached to the rabbit; 
accordingly, no fully engorged larvae were recovered. Since Antricola spp. 
larvae are typically bat parasites (Oliver, 1989), it is possible that rabbits 
did not provide a suitable food source. 
Ticks collected in the present study have been deposited in the tick 
collections Coleyao Nacional de Carrapatos of the University of Sao 
Paulo (accession number CNC-1719), Department of Veterinary Parasi-
tology of the Faculty of Veterinary Science, Saito, Uruguay (DPVURU-
778 to 781), Colecci6n del Laboratorio de Acarologia, Faculty of Sciences 
(LAFCOOOI89), and Colecci6n Nacional de Acaros, Biology Institute, 
Universidad Nacional Aut6noma de Mexico (CNAC006806-6807). 
Besides displaying maternal care, A. marginatus forms colonies of 
thousands of individuals (especially nymphs and adults) on bat guano (like 
any other Antricola species that have been studied in loco [De la Cruz, 
1976; Labruna et a!., 2011]), where they presumably obtained their food 
sources from the guano (Ribeiro et a!., 2012), contrasting with the post-
larval stages of all other tick species, which feed exclusively on vertebrate 
hosts. In fact, Antricola spp. are considered to be a recent group in tick 
evolution, and they probably represent a evolutionary step, from blood 
feeding to guano feeding (Ribeiro et a!., 2012). During our field work, we 
observed a A. marginatus female partially buried in the guano, exhibiting 
brooding behavior over its eggs (data not shown). Egg brooding is well 
known to occur in several argasid species and has been observed to last 
until larval hatching (Oliver, 1989). In the present study, we could not 
confirm if the A. marginatus larvae had hatched from eggs oviposited by 
the same female with which they were associated. However, because of this 
egg brooding behavior among argasids, it is very likely that under natural 
conditions recently hatched larvae climb on their own mother, resulting in 
the maternal care reported here. 
The adaptive value of maternal care in scorpions and spiders has been 
hypothesized to be the following (Vannini et a!., 1985; Polis and Sissom, 
1990; Foelix, 1996): (I) defense against predators and/or harsh environ-
mental conditions, (2) continuous selection by the mother of the optimal 
microclimate for the larvae, and (3) some sort of trophic exchange between 
mother and larvae. Only the last hypothesis has been experimentally 
confirmed, i.e., water exchange in scorpions (Vannini et aI., 1985). For A. 
marginatus, maternal care might also have an additional advantage related 
to larval parasitism, which could be related to the second adaptive value 
described above. Since females bearing offspring are found on guano, 
usually meters away from the bats located on the roof and walls of the 
cave, it is possible that these female ticks facilitate host finding for their 
hungry larval offspring, which must obligatorily feed on bats in order to 
proceed in the life cycle. Whether this facilitation is related to females 
climbing on walls toward a resting bat is not known. 
The maternal care reported here for A. marginatus has not been 
observed in any other tick species, including other New World Antricola, 
namely, Antricola mexican us, Antricola guglielmonei, and Antricola 
delacruzi (data not shown). However, there is molecular support that 
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FIGURE 1. Antricola marginatus females. (A) One female carrying hundreds of larvae on its idiosoma. (B) Another female carrying hundreds of larvae 
on its idiosoma. Scale bars: 2 mm. 
species of Antricola are not monophyletic. Thus, phylogenetic analyses 
inferred from mitochondrial DNA sequences showed a lack of strong 
support for Antricola when A. marginatus is included in the analyses (Nava 
et a!. , 2009; Labruna et a!. , 201 I). Therefore, the lack of maternal care in 
the other Antricola species may be related to different evolutionary 
histories. 
This work was facilitated through the "Programa Iberoamericano de 
Ciencias y Tecnologia para el Desarrollo" (CYTED) to "Red Iberoamer-
icana para la Investigaci6n y Control de las Enfermedades Rickettsiales" 
(RIICER), and received financial support by Fapesp and CNPq (Brazil), 
and the Programa de Apoyo a Proyectos de Investigaci6n e Innovaci6n 
Tecnol6gica (PAPIIT No. 226010). 
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ABSTRACT: There is a lack of epidemiological data on Toxoplasma gondii 
infection in dogs from eastern China. In the present study, serum samples 
from 288 dogs were collected from Xuzhou, Huaiyin, and Yianchen in 
Jiangsu Province, eastern China, in August 2010; T. gondii antibodies were 
assayed by a modified agglutination test (MAT). Antibodies to T. gondii 
were found in 62 of 288 (21.5%) with MAT titers of 1:25 in 21 dogs, 1:50 
in 15, 1:100 in 11, 1:200 in 6, and 1:400 and above in 3 dogs. The 
seroprevalence in ;O::3-yr-old dogs was significantly higher (P < 0.05) than 
that in dogs less than 3-yr-old, The results of the present study indicated 
that infection with T. gondii in household dogs in Jiangsu Province is a 
public health concern. 
Toxoplasmosis, caused by an obligate intracellular protozoan parasite, 
Toxoplasma gondii, is an important animal-borne zoonosis worldwide. 
Humans can be infected by consumption of undercooked or raw meat 
containing T. gondii tissue cysts or by soil-food-water contaminated with 
oocysts. Toxoplasma gondii can cause serious illness in young dogs, 
especially in those infected with canine distemper virus (Bronson et al., 
2008). Dogs can also mechanically transmit T. gondii oocysts to humans 
(Lindsay et al., 1997). 
Toxoplasma gondii antibodies have been found in dogs worldwide 
(Dubey, 2009), and some information regarding T. gondii infections in 
dogs in China has been summarized by Li et al. (2012), but those data do 
not accurately reflect the infection status of dogs in China. The objectives 
of the present study were to survey seroprevalence of T. gondii infection in 
household dogs in Jiangsu Province, eastern China, 
Jiangsu Province, located on the eastern China coast at 30°45' -35°20'N, 
116°18'-121°57'E, has an area of 102,600 km2 and a population of 
69,670,000, making it the most populous province in China. The province 
has an annual mean temperature of 13-16 C, with a mean annual rainfall 
of 800-1,200 mm and a mean altitude of less than 50 m above sea level. 
The study was carried out in Xuzhou County (33°43'-34°58'N, 116°22'-
118°40'E), Huaiyin County (33°22'-33°56'N, 118°56'-119°09'E), and 
Yancheng County (32°51'-34°12'N, 119°39'-120027'E) in Jiangsu Prov-
ince. The household dogs were randomly collected in the capital town of 
the county and adjacent villages in August, 2010. Blood samples were 
collected from 288 household dogs. Sera were separated and stored at 
- 20 C until use. 
Antibodies to T. gondii were detected in sera using a modified 
agglutination test (MAT) as described by Dubey (2009). Briefly, the 
harvested parasites were kept in 6% formaldehyde solution at 4 C 
overnight and suspended in an alkaline buffer (pH 8.7) at 20,000 parasites! 
ml. Twofold dilutions of sera were perf<;llJIl.ed using a serum diluting 
buffer, starting with a 1:25 ratio. Agglutination was done in V-bottomed, 
96-well microtiter plates using a mixture of 50 III antigen and 50 III diluted 
sera. The plates were covered with sealing tape and incubated at 37 C 
overnight. The test was considered positive when a layer of agglutinated 
parasites was formed in wells at dilutions of 1:25 or higher; positive and 
negative controls were included in each test. 
The differences in T. gondii seroprevalence were compared using a Chi 
square (l) test (SPSS; Chicago, Illinois); the differences were considered 
statistically significant when P < 0.05. 
From a total of288 household dogs, 62 (21.5%) were seropositive for T. 
gondii antibodies, i.e., 21 of 83 in Xuzhou (25,3%),22 of 126 in Huaiyin 
(17.5%), and 19 of 79 in Yancheng (24.1%) were positive. No significant 
difference was found among the 3 counties (l = 2.40, P > 0.05; Table I). 
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TABLE 1. Seroprevalence of Toxoplasma gondii infection in dogs in Jiangsu 
Province, eastern China, determined by MAT. 
Variable No. examined No. positive Prevalence (%) 
Region 
Xuzhou 83 21 25.3 
Huaiyin 126 22 17.5 
Yancheng 79 19 24.1 
Gender 
Female 125 28 22.4 
Male 163 34 20.9 
Age (year) 
0-3 128 19 14.8 
3-6 107 25 23.4 
>6 53 18 34.0 
Total 288 62 21.5 
The antibody titers were 1:25 in 21 dogs, 1:50 in 15,1:100 in 11, 1:200 in 6, 
and 1:400 and above in 3 dogs. 
The seroprevalence in males was 20,9% (34 of 163) and in females was 
22.4% (28 of 125) (Table I). Thus, the gender was not significantly 
associated with T. gondii infection in this study (X2 = 0.13, P > 0.05). 
The highest prevalence of T. gondii infection (34,0%) was detected in 
>6-yr-old dogs; 23.4% in the 3- to 6-yr-old age group compared with 
14.8% in the <l-yr-old group. Statistical analysis revealed a significant 
difference in 3- to 6-yr-old dogs versus the >6-yr-old age group (l = 8.46, 
P < 0.05; Table I). These results indicate that the older dogs are more 
frequently exposed to T. gondii and that the enviroument may play an 
important role as a source of infection. 
The present survey showed that the overall seropositivity for T. gondii 
infection in household dogs was 21.5% in Jiangsu Province, which was 
similar to that observed in Guangzhou (20.7-21.3%) (Chen et al., 2005; 
Zhang et al., 2010) but higher than that in Beijing (13.2%; Yu et al., 2006), 
Inner Mongolia (12.6%; Lu et al., 2010), Xingjiang (11.2%; Liu et al., 
2012), Haiko (2,6%; Huang et al., 2008), and Heilongjiang (1.8%; Lv, 
1994). These differences may result from the different serological tests, dog 
populations, or climatic factors or to some combination of these 
conditions. 
Here, we determined the seroprevalence of T. gondii infection in 
household dogs in Jiangsu Province, eastern China; it seems imperative 
that infections in pet dogs and stray dogs should also be investigated in 
this region. The results of the present study indicate that infection with T. 
gondii in dogs is common in Jiangsu Province and is of public health 
concern. 
The study was supported by the National Natural Science Foundation 
of China (Grant Nos. 31001057, 31072127). 
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Molecular and Morphological Evidence for the Holarctic Distribution of Urogonimus 
macros tom us (Rudolphi, 1803) Monticelli, 1888 (Digenea: Leucochloridiidae) 
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ABSTRACT: Species of Urogonimus Monticelli, 1888 (Leucochloridiidae 
Poche, 1907) are difficult to distinguish using adult morphology, and their 
taxonomy has been repeatedly subjected to revision. Some Nearctic 
species have been regarded as synonymous with the Palearctic type species 
Urogonimus macrostomus (Rudolphi, 1803) Monticelli, 1888. This implies 
that U. macrostomus is present in the Nearctic, but there is no additional 
evidence for this putative distribution. We collected trematodes morpho-
logically indistinguishable from U. macrostomus from a house sparrow 
(Passer domesticus) in Edmonton, Alberta, Canada. Sequences 2958 bp in 
total length from the small and large subunits of ribosomal DNA from 2 
specimens were 99.8-100% identical to those of U. macrostomus in the 
Ukraine and Japan. In light of the lack of morphological differences and 
small degree of genetic variation, we consider the specimens we collected 
to be conspecific with U. macrostomus in the Palearctic, and the Holarctic 
range of the species is thus supported. Sequences from a more rapidly 
evolving gene, cytochrome c oxidase I, were obtained to aid future study 
of this and related species. 
The taxonomy of the Leucochloridiidae Poche, 1907, has been 
extensively revised, but most recent authors recognize the validity of 
Urogonimus Monticelli, 1888 (Kagan, 1952; Lewis, 1974; Bakke, 1980; 
Pojmanska, 2002; but see Yamaguti, 1971). Most species of Urogonimus 
recognized by Kagan (1952) were synonymized by Bakke (l978a) and 
Machalska (1978), who demonstrated large morphological variation with 
different hosts and specimen preparation techniques. Bakke (1978a) 
considered most Nearctic species to be synonyms of the type species 
Urogonimus macrostomus (Rudolphi, 1803) Monticelli, 1888, originally 
described from the thrush nightingale (Muscicapidae: Luscinia luscina) in 
Germany. Analogous revisions to the related species Leucochloridium 
variae McIntosh, 1932 (Leucochloridiidae) implied a similarly broad 
geographic distribution, which was later supported by ultrastructural and 
morphometric data (Bakke, 1982). However, there has been no empirical 
study of the Holarctic distribution of U. macrostomus implied by the 
revision of Bakke (1978a), who recognized that molecular data would be 
necessary to clarify alpha taxonomy in Urogonimus. 
Here we compare the morphology and DNA sequences of Nearctic 
leucochloridiid specimens to previously published data from Palearctic 
species. We obtained 25 trematodes from a house sparrow (Passeridae: 
Passer domesticus) collected 27 May 2010, in Edmonton, Alberta (53.499 
N, 113.519 W). The bird was frozen for 2 days, thawed, and washed with 
95% ethanol, water, and dish soap. Washings were filtered using a 45-1JlIl 
sieve and the retentate was preserved in 95%' ethanol. The trematodes were 
stored in 70% ethanol for several weeks, then transferred to absolute 
ethanol. Given the non-invasive manner in which they were collected, the 
worms were likely from the cloaca of the bird. 
Fourteen specimens were studied morphologically. DNA was extracted 
from a small portion of 3 of these, and the remainder, along with II intact 
specimens, were stained in acetocarmine, cleared in clove oil, mounted on 
slides in Canada balsam, and deposited at the United States National 
Parasite Collection (Beltsville, Maryland; accession number 105087). 
DNA was extracted from 5 specimens, and the barcode region of 
cytochrome c oxidase I (COl) was amplified and sequenced at the 
Canadian Centre for DNA Barcoding in Guelph, Ontario, using primers 
MplatCOXldF/R (Moszczynska et aI., 2009) and the following PCR 
conditions: 94 C for I min, 5 cycles of 94 C for 40 sec, 45 C for 40 sec, and 
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72 C for I min, followed by 35 cycles of 94 C for 40 sec, 51 C for 40 sec, 
and 72 C for I min, with a final extension at 72 C for 5 min. Further 
information on molecular protocols for COl is available at www.ccdb.ca. 
We attempted to sequence the internal transcribed spacers (ITS) of 
ribosomal DNA (rDNA) in 5 specimens and, in 2 of them, both partial 
large (LSU) and small (SSU) subunits of rDNA. Extraction (with DNeasy 
Tissue Kits, Qiagen, Valencia, California) and amplification of rDNA 
were performed at Concordia University and sequencing at the Genome 
Quebec Innovation Centre, both in Montreal, Quebec. Each rDNA PCR 
reaction consisted of 17.5 III H20, 2.5 III lOx buffer, 1.25 III MgCI2 
(25 mM), 0.125 III dNTP (10 mM), 0.25 0 PCR primers, 0.125 III Taq 
DNA polymerase, and 3111 of template. The ITS amplified but sequencing 
was unsuccessful using primers DI (l8b) and D2 (28u) (Hillis and Dixon, 
1991; Galazzo et aI., 2002). Amplification and sequencing of the SSU was 
achieved using primers Worm A, 1270R, 18SF, and 600R (Littlewood and 
Olson, 2001) and the following PCR conditions: 94 C for 3 min, 10 cycles 
of 94 C for 30 sec, 65 to 56 C for 30 sec (increments of I C per cycle), and 
72 C for 1.5 min, followed by 40 cycles of 94 C for 30 sec, 57 C for 30 sec, 
and 72 C for 1.5 min, with a final extension at 72 C for 10 min. 
Amplification and sequencing of the LSU was performed using primers 
LSU-5, 1500R, 300F, and ECD2 (Olson et aI., 2003) and the following 
PCR conditions: 94 C for 3 min, 40 cycles of 94 C for 30 sec, 56 C for 
30 sec, and 72 C for 2 min, with a final extension at 72 C for 7 min. 
Chromatograms of COl and rDNA were aligned and edited with 
Geneious (Biomatters Ltd., Auckland, New Zealand), and sequences 
were subjected to BLAST searches (Altschul et aI., 1990), aligned and 
analyzed using MEGA 5.0 (Tamura et aI., 2011). Specimen images, 
collection and host data, sequences, and chromatograms are archived in 
project UROGO at www.barcodinglife.org, and sequences have been 
deposited in GenBank (accession numbers JQ241168-JQ241174, 
JQ692979, JQ774502-JQ774503). 
In stained specimens, we observed morphology typical of leucochlor-
idiids, vitellaria terminating anterior to the ends of the cecae, and uterine 
loops passing transversally posterior to the acetabulum, confirming that 
the specimens belong to Urogonimus (Fig. I) (Bakke, 1980; Pojmanska, 
2002). The following mean (range) measurements (1JlIl) for the 14 
specimens deposited in the USNPC were made with an ocular micrometer 
and Leica DMR compound microscope: body 1,697 (1,540-1,840) x 701 
(620-900), oral sucker 455 (420-500) X 462 (430-500), pharynx 165 (155-
180) x 207 (170-250), acetabulum 439 (380-480) X 456 (360-500), 
anterior testis 183 (115-260) X 210 (120-350), ovary 118 (100-130) X 143 
(120-160), posterior testis 204 (140-280) X 215 (165-290), cirrus 73 (60-
80) X 51 (40-63), egg 27 (25-28) X 17 (15-18). The values of16 of these 18 
measurements fall within ranges reported by Bakke (I 978a, 1978b), 
Machalska (1978), and Iwaki et al. (2009) for U. macrostomus. Only 2, the 
maximum widths of both testes, approach or slightly exceed published 
ranges, but in light of the variability of these features (Bakke 1978a; 
Machalska, 1978), this likely is not taxonomically significant. 
The specimens we collected also resemble Urogonimus certhiae 
(McIntosh, 1927) Kagan, 1962, as described by Lewis (1974). Recognition 
of U. certhiae as a separate species currently .rests on larval characters 
(Bakke, 1978a). The only potentially distinguishing feature in adults is the 
cirrus sac, which Lewis (1974) reported to be twice as long in U. certhiae as 
that observed in U. macrostomus (Bakke 1978a, 1978b). We obtained a 
specimen (USNPC 72654) studied by Lewis (1974), who fed naturally 
infected glossy pillar snails (Cochlicopa (= Cionella) lubrica) from Lincoln, 
Nebraska, to a domestic chick. Our examination of this specimen suggests 
that Lewis (1974) summed the length of cirrus and cirrus pouch, much as 
FIGURE 1. Urogonimus macrostomus (Rudolphi, 1803) Monticelli, 
1888, collected from a house sparrow (Passer domesticus) in Edmonton, 
Alberta, Canada. Note separation of uterine coils anterior to acetabulum 
and termination of vitellaria anterior to ends of cecae. Scale = 200 !lm. 
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Bakke (l978a) suspected. Consequently, at present, there appears to be no 
way to distinguish adult U. certhiae from U. macrostomus morphologi-
cally. 
Sequences of both rDNA subunits from 2 Albertan specimens were 
identical to each other and differ at 6 of 2,958 positions (0.2%) from those 
of U. macrostomus collected in the Ukraine by Olson et a!. (2003) 
(Table I). Four of these 6 differences occur in 1,175 bp of the LSU (0.3% 
divergence), and 2 occur in 1,783 bp of the SSU (0.1% divergence). 
Sequences of LSU in the Albertan specimens are identical to those of U. 
macrostomus collected in Japan by Iwaki et a!. (2009). The next most 
similar published sequences are from Leucochloridium perturbatum 
Pojmaitska, 1969 (Leucochoridiidae) collected in the Ukraine, which 
differ by 2.06% in the SSU and 7.68% in the LSU (AFI84261, Tkach 
et a!., 2001; A Y222087, A Y222169, Olson et a!., 2003). Sequences of COl 
(585-621 bp) from 5 of 6 Albertan specimens were identical; a silent 
transitional mutation occurred in 1 specimen (specimen 10 in Table I). 
Unfortunately, COl sequences from other Leucochloridiidae are not 
available for comparison. 
The lack of morphological and molecular differentiation indicates that 
Urogonimus specimens from P. domesticus in Alberta are likely conspecific 
with samples of the type species of the genus, U. macrostomus, known from 
the Palearctic. This support for the Holarctic distribution of U. 
macrostomus, as implied by the revisions of Bakke (l978a), rests mainly 
on the absent or low divergence (0-D.3%) in rDNA in isolates from Alberta, 
Japan, and the Ukraine. In comparable studies, molecular data have 
confirmed the broad distribution of some putatively widespread digeneans 
(Lo et a!., 2001; Chambers and Cribb, 2006; Aiken et a!., 2007); in other 
cases, sequences revealed different species in different biogeographic regions 
(Galazzo et a!., 2002; Caffara et a!., 2011; Rosas-Valdez et aI., 2011). It 
should be noted that levels of divergence in rDNA subunits similar to those 
we report here have been observed between other species of digeneans. For 
example, 2 species of Clinostomum (Clinostomidae) differ by 0.1 % in the 
LSU and 0.2% in the SSU (Gustinelli et aI., 2010). Rosas-Valdez et aI. 
(2011) found the LSU differs by 0-1.1 % among 3 potentially cryptic species 
within Phyllodistomum lacustri (Gorgoderidae). Still, among other species in 
both of these studies, divergence levels in rDNA subunits were generally 
higher (0.9-3.6%) than those reported herein. Further, comparable data 
have led other authors to similar conclusions. For example, Lockyer et aI. 
(2003) reported similar divergence (0.05-D.18%) in the SSU and LSU 
between 2 European species of Trichobilharzia (Schistosomatidae), which 
they suggested were synonyms. Most pertinently, Iwaki et aI. (2009) 
concluded the material they collected in Japan was conspecific with U. 
macrostomus in Ukraine based on LSU sequence and maximum divergence 
levels identical to those we obtained, although they also allowed that cryptic 
species may exist within U. macrostomus. In light of the large spatial scale 
encompassed by data compared herein, and the lack of morphological 
distinctions, the divergence in rDNA sequences spanning the Holarctic 
seems more consistent with variation within U. macrostomus than with 
interspecific differentiation. In this regard, the COl data we provide will 
facilitate future study of this and other species in this cosmopolitan genus; 
sequences of CO I can be useful for studying species boundaries in digeneans 
on large spatial scales (Morgan and Blair, 1998). It is interesting that the 
host of U. macrostomus in this study, P. domesticus, was introduced from 
Europe over 160 yr ago (Moulton et aI., 2010). The parasite may have been 
introduced with this host or alternatively could be dispersed by other hosts 
(e.g., Bairlein et aI., 2012). Further study of specimens from Nearctic and 
Palearctic avian hosts is necessary to evaluate these hypotheses. 
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ABSTRACT: The Chernobyl nuclear disaster resulted in contamination of 
vast areas in Europe. To date, there is little knowledge about the effects 
of radioactive contamination on tick species. We sampled ticks from 
vegetation and large-sized wild mammals belonging to orders Carnivora 
and Artiodactyla at sites with 0.76, 1.91, and 4.50 mSv/hr ionizing 
radiation background values in the Polesky State Radio-Ecological 
Reserve of the Chernobyl nuclear disaster zone in spring 20 I O. Altogether, 
122 questing ticks were collected from vegetation. Among collected ticks, 
Dermacentor reticulatus (Fabricius) was, by far, the most abundant species 
(99.2%), followed by Ixodes ricnus (L.) (0.8%), which was collected only at 
the 0.76 mSv/hr site. The average sex ratio female:male was 2.9:1.0. In 
parallel with the present study, we examined 3 Sus scrofa (L.), 2 
Nyctereutes procyonoides (Gray), and I Alces alces (L.) at the 4.50 mSvl 
hr site; 96 D. reticulatus ticks were found on 2 N. procyonoides specimens. 
The mean density and the intensity of infestation were 16 ticks per animal 
and 48 ticks per infested animal, respectively. Future investigations are 
warranted to further characterize the role of various tick vectors, 
vertebrate reservoirs, and diversity of tick-borne pathogens in the 
Chernobyl exclusion zone. 
The Chernobyl nuclear disaster resulted in contamination of vast areas 
in Europe. The Republic of Belarus, which received more than 70% of the 
fallout, has been affected most of all (Maksimova, 2002). Natural habitats 
located near the Chernobyl Nuclear Power Plant (ChNPP) were exposed 
to acute radiation that gradually became chronic due to the long-lived 
radionuclides. Moreover, animal species living in these habitats were 
exposed to continuous ionizing radiation. To date, the published studies 
have been mainly based on sampling of mammals, birds, fish, and free-
living invertebrates (Moller and Mousseau, 2006; Yablokov et aI., 2009; 
Oskolkov et aI., 2011). 
Surprisingly, there are few published data on the abundance of parasitic 
organisms in relation to ionizing radiation. Pel'gunov (2005) reported 
about higher invasion intensity of bank voles Myodes (Clethrionomys) 
glareolus (Schreber) by nematodes and cestodes. To date, there is little 
information regarding the effects of radioactive contamination on tick 
species ecology. A single study was performed between 1986 and 1995 by 
Kireenko et al. (1996), who reported about detection of indigenous Ixodes 
ricinus (L.) and Dermacentor reticulatus (Fabricius) and the exotic Ixodes 
persulcatus Schulze ticks on small animals in the Polesky State Radio-
Ecological Reserve of ChNPP. 
Thus, the aim of the present work was to investigate tick species 
abundances collected from vegetation and wildlife in the ChNPP area and 
to compare these data with the results of a survey conducted before the 
radiation catastrophe. -' 
The study was carried out at 3 nucleotide-contaminated sites with 
various values of ionizing radiation background in the Polesky State 
Radio-Ecological Reserve (Republic of Belarus) in the ChNPP exclusion 
zone (Fig. I; Table I). The ionizing radiation was measured by SRP 68-01 
radiometer (Zapadpribor Inc., Lviv, Ukraine). 
Ticks were collected by blanket dragging through the low vegetation in 
spring 20 I O. The number of ticks attached to the cloth was counted every 
5 m. Dragging was performed along randomly chosen lines with a length 
of 100-200 m. In addition, ticks were sampled from wild carnivores and 
ungulates trapped for radiological examination. Collected ticks were 
transferred to 70% ethanol and identified later in the laboratory to species 
level according to Filippova (1977, 1997). 
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Altogether, 121 (99.2%) D. reticulatus individuals (90 females, 31 males) 
and I (0.8%) I. ricinus male were collected from vegetation (Table I). 
Dermacentor reticulatus females were more abundant than males in all 
collected sites. The average sex ratio female:male was 2.9: 1.0. 
Six large wild animals were captured, representing 3 wild boars (Sus 
scrofa L.), 2 raccoon dogs (Nyctereutes procyonoides Gray), and I moose 
(A Ices alces L.) at the 4.50 mSv/hr site. Only raccoon dogs were infested by 
96 (79 females and 17 males) D. reticulatus ticks. The mean density and the 
intensity of infestation were 16 ticks per animal (96 ticks/6 host) and 48 
ticks per infested animal (96 ticks/2 racoon dogs), respectively. The mean 
number of ticks per infested host was nearly 5 times higher on females 
(39.5) than on males (8.5). 
This report is the first modern attempt to describe the abundance of tick 
species in the Chernobyl exclusion zone. In the present study, Dermacentor 
reticulatus was absolutely the most abundant species, both on animals and 
free-living in the environment. Females were more often collected than 
males. Similar data exist for other countries (Cochez et aI., 2011; Siroky et 
aI., 2011). Dermacentor reticulatus and I. ricinus ticks are considered to be 
among the important vectors of tick-borne diseases of animals and 
humans (Filippova, 1977, 1997; Pieniazek et aI., 2006; Bullova et aI., 
2009). 
To clarify the potential role of mammal species as hosts for ticks in the 
ChNPP area, we reviewed published sources in Russian and English 
before, and after, the Chernobyl nuclear disaster. 
It is well known that small mammals play an important role for ticks 
and tick-borne pathogen ecology. Chesser et al. (2000) trapped 8 species of 
small mammals in the Chernobyl area, and 6 of them, i.e., Apodemus 
agrarius (Pallas), Sylvaemus (Apodemus) flavicollis (Melchior), Sylvaemus 
(Apodemus) sylvaticus (L.), Microtus arvalis (Pallas), Myodes glareolus 
FIGURE I. Study sites (.a.) in the Chernobyl exclusion area. Source: 
Google maps (modified). The value of ionizing radiation background on 
the soil surface: I = 4.50 mSv/hr; II = 1.91 mSv/hr; III = 0.76 mSvihr. 
Scale bar = 10 km. 
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TABLE I. Tick species collected in the Polesky State Radio-Ecological Reserve of Chernobyl exclusion zone. 
Number of collected questing ticks: 
Value of ionizing background radiation Tick density (no. of D. reticulatus I. ricinus 
Site no. on the soil surface (mSvlhr) ticks/ 1-hr drag Females Males Females Males 
Site I 4.50 7 
Site II 1.91 10 
Site III 0.76 105 
Subtotal 122 
TOTAL 122 
(Schreber), and Sorex araneus (L.), were important hosts for both I. ricinus 
and D. reticulatus ticks before the Chernobyl accident (Arzamasov, 1961; 
Arzamasov et aI., 1983). 
Among terrestrial vertebrate wildlife, carnivores are the most important 
hosts for ticks (Sobrino et aI., 2012). In this study, only raccoon dogs were 
infested by D. reticulatus ticks, although most studies seem to indicate that 
ungulates are also important hosts for tick species in Europe and North 
America (Filippova, 1977, 1997; Kjelland et aI., 2011). Voronetsky et al. 
(1999) described the distribution of Vulpes vulpes (L.), Canis lupus L., 
Meles meles (L.), Lynx lynx (L.), Cervus elaphus L., Capreolus capreolus 
(L.), N. procyonoides, S. scrofa, and AI. alces in the Polesky State Radio-
Ecological Reserve. According to a review by Savitsky (1986), all listed 
wild animals had wide distributions and played an important role as hosts 
for various tick species in Belarus before the contamination event. 
At the time of the accident, I. ricinus was the most common tick, while 
D. reticulatus was the second dominant species (Arzamasov, 1961; 
Savitsky, 1986). In the present study, we collected I. ricinus only at the 
0.76 mSv/hr site. However, other reports have noted changes in the 
distribution and range expansion of D. reticulatus at other locations in 
Europe (Bullova et aI., 2009). On the other hand, the dominance of D. 
reticulatus and rarity of I. ricinus may be related to a more rapid life cycle 
of the former (I generation per year) compared with the latter (I 
generation per 2 to 5 yr) (Filippova, 1977, 1997). At present, we can only 
speculate that D. reticulatus has a higher rate of adaptation to ionizing 
radiation than I. ricinus. 
In conclusion, our study allowed us to observe the present abundance of 
tick species and their potential hosts in some sites with various ionizing 
radiation dose values caused by the Chernobyl disaster. These data raise 
several important questions for further investigation, such as why the 
dominant tick species has shifted from I. ricinus to D. reticulatus and does 
it relate to ionizing radiation in the Chernobyl area during the last 25 yr? 
Additional investigations are warranted to further characterize the role of 
different tick vectors, vertebrate reservoirs, and diversity of tick-borne 
pathogens in the ChNPP area. • . 
We are greatly indebted to all of those who stopped the Chernobyl 
catastrophe dissemination in 1986. We are grateful for helpful comments 
from Professor Gerald W. Esch (the editor) and an anonymous reviewer 
on a previous version of the manuscript. We acknowledge the perfect 
technical assistance of Tatiana Sulesco and Olga Ellefsen. 
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ABSTRACT: Fecal samples from 55 free-ranging olive baboons (Papio 
anubis) in Mole National Park, Ghana, were collected 22 June-7 July 2008 
and analyzed for gastrointestinal parasites. This is the first survey of 
baboon gastrointestinal parasites in Ghana and provides baseline data for 
this area. Ninety-three percent of samples were infected, leaving 7% with 
no parasites observed. Of those infected, there was a 76% prevalence 
of strongyles, 53% Strongyloides spp., II % Abbreviata caucasica, 62% 
prevalence of Balantidium coli (trophozoites and cysts identified), 4% 
Entomeba hystolyticaldispar, and 47% unidentified protozoan parasites. 
Of the strongyle infections, 9% were identified as Oesophagostamum sp. 
One sample contained an unidentified spirurid nematode that resembled 
Gongylonema sp. Mole has a mixed forest-savanna habitat, and baboons 
frequently range into human areas, which makes them subject to parasites 
from each habitat and multiple sources of exposure. We found a high 
prevalence of nematode parasites, consistent with a wet or cooler forest 
environment, or high rates of fecal contamination. The presence of 
Strongyloides sp., E. hystoliticaldispar, and B. coli suggest potential public 
health risk from baboons, but molecular identification of these parasites, 
and documentation of their presence in local human populations, would 
be necessary to confirm zoonotic transmission. 
The widespread expansion of mesopredators, i.e., predators of 
intermediate body size, has resulted in dramatic changes to a variety of 
ecosystems (Crooks and Soule, 1999; Prugh et aI., 2009). However, 
surprisingly little work has considered how the changes in trophic 
structure and species interactions created by mesopredator eruptions 
may alter the ecology and dynamics of wildlife disease (Dobson et aI., 
2006; Keesing et aI., 2011). The first step in such an assessment is 
surveying the diseases common to rapidly expanding mesopredator 
populations, such as baboons (Papio spp.). In Mole National Park 
(Mole), Ghana, and many other parks in Ghana and other African 
countries, populations of large predators have. sharply declined, but 
baboons, able to exploit human-altered landscapes, are increasing in 
number, increasing in crop-raiding intensity, and even becoming 1:op 
predators in their ecosystem (Brashares, 2003; Brashares et aI., 2010; Estes· 
et aI., 2011). Here we undertook a survey of the gastrointestinal parasites 
(GIPs) of olive baboons (Papio anubis) in Mole National Park (Mole), 
Ghana. 
An increase in both the abundance and distribution of olive baboons 
has been linked to intensified human-baboon interaction and conflict 
across much of sub-Saharan Africa (Naughton-Treves et aI., 1998; 
Webber et aI., 2007) and higher levels of inwstinal parasites in baboons 
and humans living near them (Brashares et aI., 2010; Estes et aI., 2011). 
Baboons are omnivorous and may feed on smaller animals, including 
smaller livestock, possibly exposing themselves to novel pathogens (Strum, 
1975). Thus, it is important to assess the potential role of baboons as 
disease vectors in the spillover and spillback context, particularly along the 
edges of protected areas where human-wildlife contact is highest, and the 
dynamics of wildlife populations may impact public health (Daszak et aI., 
2000; Dobson and Foufopoulos, 2001; Chapman et aI., 2005; Wolfe et aI., 
2005; Jones et aI., 2008; Keesing et aI., 2011). 
The GIPs of savanna and desert baboons are well documented from 
necropsy and fecal surveys, while those of forest baboons are still largely 
unknown (Bezjian et aI., 2008). Yet forest baboons often interact with 
high-density human populations. The type and prevalence of GIPs in 
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baboons are thought to depend on a combination of climate and habitat; 
i.e., high aridity is unfavorable to parasites with free-living, exposed 
stages, while human contact, potential interspecific exposure, and 
concurrent infections augment parasite levels (Bezjian et aI., 2008). 
Mole is an open woodland savanna, with patches of riparian forests and 
substantial tree cover in middle and upslope savanna (Bowell and Ansah, 
1994). While largely unstudied, the fauna of Mole represents a 
combination of forest and savanna characteristics (Eggert et aI., 2002), 
which may, in tum, influence the suite of parasites they harbor. The 
baboons range throughout the park and into human-use areas both inside 
(staff village, school) and on the park's edge. We observed them in trash 
piles (Fig. la), kitchens, local water supplies, and feeding with warthogs, 
elephants, and domesticated turkeys (Fig. 1 b). Thus, they experience a 
range of habitats, and potential mixed-species parasite exposure, both 
domestic and wild. 
We surveyed parasites in baboon fecal samples to provide insight into 
the diversity of parasites in a population of free-ranging baboons in Mole 
and draw attention to the potential spillover and spillback disease vector 
they represent. It is important to note that without genetic analyses, we 
cannot assess zoonotic or reverse transmission, as humans and non-
human primates may be infected with closely related parasites that are 
morphologically similar and not shared (de Gruijter et aI., 2005). 
Mole National Park is the largest park (4,840 km2) in Ghana, situated in 
the Northern (Damongo) Region (9°ll'-100 6'N, 01°22'-02°16'W, 150 m 
a.s.!; Fig. 2). It is classified as Guinea savanna or open woodland savanna, 
with patches of savanna, rich forested riparian areas, and substantial tree 
cover. During a single wet season (May-October), Mole receives 950-
1,100 mm of annual rainfall (Lawson et aI., 1968; Jachmann, 2008; Burton 
et aI., 2010). Baboon troops were followed in the south of Mole, on the 
park's edge, around the village, school, and forested areas from 22 June to 
7 July 2008, between 500 and 1800 hr, from troop resting location to troop 
resting location. This eI\sured that we could identify separate individuals 
in separate troops on sequential days. We collected fecal samples from 
individuals identified to sex (n = 55). All samples were collected 
immediately after defecation to avoid contamination. Samples were stored 
individually in 5.0-ml sterile vials in a 10% formalin solution. 
Preserved samples were examined for helminth eggs, larvae, and large 
protozoan cysts using fecal sedimentation. To identify small protozoans, 
staining was used, with the stained slide examined at 100X under oil 
immersion. Half or one-quarter of a gram (depending on size of the 
original sample) of fecal material was processed per Greiner and 
MacEntosh (2009), and all the processed material was examined, with up 
to 10 slides per sample. Parasites were morphologically identified and 
photographed. Measurements were made to the nearest 0.1 J.llll ± SD 
using an ocular micrometer fitted to a compound microscope; parasites 
were photographed for further identification and documentation (see 
Chapman et aI., 2006, for further methodological detail). The presence of 
larvae was recorded, but we could not determine whether worms were 
free-living; accordingly, larvae were excluded from the analysis. Detailed, 
species-level taxonomic accounts of gastrointestinal parasites of most wild 
primates are unavailable, so we largely identified parasites to the genus 
level. Entamoeba histolytica and Entamoeba dis par have cysts that are 
morphologically indistinguishable, so we refer to these as the E. 
histolyticaldispar complex. 
Of the 55 samples, 51 (93%) were positive for GIPs; 42 (76%) were 
infected with strongyles, 29 (53%) with Strongyloides spp., 6 (11%) with 
Abbreviata caucasica (= Physaloptera caucasica), 2 (4%) with E. histolytical 
dispar, and 26 (47%) with unidentified protozoan parasites. Strongyle, 
• 
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FIGURE I. (a) Baboons in a trash pile, Mole National Park, Ghana. (b) 
Baboons and warthogs eating kitchen scraps in the staff village, Mole 
National Park, Ghana. 
Strongyloides sp., and A. caucasica sample~ were quantified for parasite 
burden (eggs/g) and show classic over-dispersion in their frequency 
distributions (Fig. 3). Thirty-four of the samples (62%) contained 
Balantidium coli (identified from trophozoites and cysts), which is 
pathogenic to humans. Five of the samples (9%) contained Oesophagos-
tamum sp., and I contained an a nematode resembling Gongylonema sp. 
To test for gender effects on parasite prevalence (Fig. 4), we used 2-
tailed 1 tests. In each test, we had 22 females and 31 males (2 of the 55 
individuals were of unknown sex). There was no significant effect of 
gender on parasite I?revalence for strongyles (I = 0.82, df = I, P = 0.37), 
Strongyloides sp. (;( = 3.07, df = I, P = 0.08), B. coli (I = 0.16, df = I, P 
= 0.69), or the unidentified protozoa (I = 0.003, df = I, P = 0.96); there 
were too few A. caucasica-positive samples for analysis. 
We found that 93.0% of the olive baboon fecal samples (n = 55) were 
positive for parasites. There was a moderately high prevalence of 
nematodes and protozoans, suggesting relatively high rates of parasite 
o 2,000 KM 
I 
FIGURE 2. The location of Mole National Park in the north of Ghana, 
with an inset of Mole National Park, showing sampling locations in the 
south and on the park boundary (black circles). 
recruitment. The high prevalence of nematode parasites is consistent with 
a wet, or cooler, forest environment, rather than a drier savanna (Bezjian 
et aI., 2008), or with high rates of fecal contamination, which is possible in 
high-use human areas. The prevalence of Strongyloides (53.0%) in this 
study was higher than the mean prevalence in P. anubis populations in a 
synthetic review of studies of GIPs in Papio spp. (43.1 ± 5.72%; x ± SE.) 
(Bezjian et aI., 2008, Table II), and the prevalence of A. caucasica in our 
sample (11.0%) was lower than observed in P. anubis elsewhere 
(Abbreviata = Physaloptera sp., observed in P. anubis; 44.0 ± 8.7%; x 
± SE), (Bezjian et aI., 2008). The high protozoan prevalence, particularly 
B. coli, suggests potential frequent contact with a domestic environment, 
although with a low sample size, we are cautious about interpretation of 
comparative prevalence (Jovani and Tella, 2006). Genetic analysis of the 
protozoan population in baboons, humans, and domestic animals would 
be necessary to determine if zoonotic transmission is occurring. 
While B. coli is known to infect olive baboons and other human and 
non-human primates (Ash and Orihel, 1997), Weyher et al. (2006) found 
much higher levels in crop-raiding baboons than in wild-ranging baboons 
in Nigeria. They attributed this to higher anthropogenic exposure and 
elevated nutritional status of crop-raiding baboons. Sixty-two percent of 
our individuals had B. coli infections, suggesting that these baboons, 
known to range into human areas, may be experiencing moderately high 
levels of exposure and taking advantage of available nutrition. In addition, 
B. coli is known to infect pigs (Schuster and Ramirez-Avila, 2008) and has 
been recorded in the..north of Ghana (Permin et aI., 1999), but, for 
religious reasons, pigs are not a common domestic livestock animal at our 
site. However, warthogs are in high abundance and frequent contact in 
this area. 
Over half of the baboons were infected with Strongyloides spp., a 
rhabditoid nematode that is relatively common in wild and domestic 
animals and has been found in many previous baboon parasite surveys 
(McGrew et aI., 1989; Munene et aI., 1998; Bronsdon et aI., 1999; Hahn 
et aI., 2003; Legesse and Erko, 2004; Weyher et aI., 2006; Bezjian et aI., 
2008). One concern with Strongyloides spp. is the possibility of infecting 
humans. While there are approximately 50 recognized species, and most 
are thought to be quite host-specific, an artifact of the study location, i.e., 
isolated hosts, not interacting with alternate potential hosts (Speare, 
1989). Two species, Strongyloides fulleborni and Strongyloides stercoralis, 
are known to infect humans; the former species occurs in African primates 
and is shared with humans (Hira and Patel, 1980). Since we did not 
identify the parasite to the species level, we cannot determine if we found 
a high prevalence of S. fulleborni, or a mixed infection of Strongyloides, 
possibly acquired from multiple sources. Clearly, further research, 
including genetic analysis of individual eggs, larvae, or adults, is needed 
to determine whether this parasite is a potential public health risk in this 
area, and whether this is a single, or multi-, species infection. 
We found I sample infected with what appears to be Gongylonema sp. 
("Gullet Worm"), a spirurid nematode that is associated with infection of 
the esophagus or rumen of wild, or domestic, ruminants, and has an 
indirect life cycle with a beetle as an intermediate host. The species 
Gonglyonema macrogubernaculum has been found in non-human primates 
~ I 
Parasite Burden 
F,GURE 3. Parasite burdens (eggs per g) ofstrongyles, Strongyloides sp. 
and Abbreviata caucasica, showing classic overdispersion curves. 
of African origin in captivity (Lubimov, 1931; Craig et ai., 1998), but we 
have found no previous reports of it in free-ranging baboons. It is possible 
that this is a cross-specific infection, picked up from a ruminant through 
fecal contamination of food, either in the wild or in a domestic setting. 
Entamoeba histolytica is the causative agent of amoebic dysentery and 
colitis in humans. It is the second most common parasite infection in 
humans for morbidity worldwide (Laughlin and Temesvari, 2005), and 
causes 40,000- 100,000 human deaths annually (Ackers and Mirelman, 
2006). Of an estimated 500 million new amoeba infections annually, 
approximately 90% are thought to be due to E. dispar, a morphologically 
identical, but non-pathogenic, species (Ackers and Mirelman, 2006). 
Entamoeba histoiytica has been found to infect many captive primates, but 
pathogenicity in wild primates is essentially unknown (Gillespie et aI., 
2010). This calls for research into identification techniques for pathogenic 
versus non-pathogenic species, and attention to the symptoms and signs of 
amoebic dysentery in humans and baboons in shared areas. Given that 
baboons in the Mole region are frequently found sharing water sources 
and agricultural areas with humans, the transmission of pathogenic 
parasites between host species is not just plausible, but likely. While we 
identified E. histolyticaldispar in only 4% of the samples, it will be 
important to monitor this potential reservoir of dysentery. 
In conclusion, we conducted the first survey of gastrointestinal parasites 
of olive baboons in Ghana. We found that baboons had moderately high 
levels of nematode and protozoan parasites, common to other sites, 
suggestive of a mixed forest and savanna ·habitat. We identified 
Strongyloides sp. , E. hystoiiticaldispar, and B. coli, which may represent 
public health concerns for the human areas used by these baboons, 
although further research using genetic identification is needed to properly 
evaluate this concern. We also found a possible Gongyionema sp., 
suggesting potential cross-species contamination either with domestic or 
wild ruminants, the nomlal hosts. This points to potential wildlife health 
concerns as well, as baboon populations continue to increase in number 
and range. 
This initial gastrointestinal parasite survey highlights a need for further 
investigation into (1) more in-depth pMasite species identification, 
including genetic analyses to assess the risk to local human populations 
of baboon fecal contamination; (2) behavioral research into the ranging 
behavior of baboons in, and out of, the park, to understand the spatial 
extent of spillover and spillback potential; and (3) examination of the 
intestinal parasites in alternate wildlife host species in the area. 
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Fasciola hepatica and Fasciola gigantica in Yunnan Province, China 
Fan-Fan Shu*, Rui-Qing Lv*, Yi-Fang Zhang, Gang Duan, Ding-Yu Wu, Bi-Feng Li, Jian-Fa Yang, and Feng-Cai Zout, College of Animal 
Science and Technology, Yunnan Agricultural University, Kunming, Yunnan Province 650201, China; *These 2 authors contributed equally to this 
work; tTo whom correspondence should be addressed. e-mail: yjfhcx@hotmail.com;zfc1207@vip.163.com 
ABSTRACT: On mainland China, liver flukes of Fasciola spp. (Digenea: 
Fasciolidae) can cause serious acute and chronic morbidity in numerous 
species of mammals such as sheep, goats, cattle, and humans. The 
objective of the present study was to examine the taxonomic identity of 
Fasciola species in Yunnan province by sequences of the first and second 
internal transcribed spacers (ITS-I and ITS-2) of nuclear ribosomal DNA 
(rDNA). The ITS rDNA was amplified from 10 samples representing 
Fasciola species in cattle from 2 geographical locations in Yunnan 
Province, by polymerase chain reaction (PCR), and the products were 
sequenced directly. The lengths of the ITS-I and ITS-2 sequences were 422 
and 361-362 base pairs, respectively, for all samples sequenced. Using ITS 
sequences, 2 Fasciola species were revealed, namely Fasciola hepatica and 
Fasciola gigantica. This is the first demonstration of F gigantica in cattle 
in Yunnan Province, China using a molecular approach; our findings have 
implications for studying the population genetic characterization of the 
Chinese Fasciola species and for the prevention and control of Fasciola 
spp. in this province. 
Trematodes of the genus Fasciola are common flukes in a range of 
animals and have a global geographical distribution. Fascioliasis is a 
significant animal health problem and causes great economic losses 
worldwide (Spithill and Dalton, 1998; Mas-Coma et aI., 2005). Lymnaeaid 
snails serve as intermediate hosts and various species of mammals serve as 
final hosts, with ruminants being the most important group (Urquhart et 
aI., 1996). Human infection with Fasciola spp. has been reported in many 
countries and, thus, represents a significant human health problem 
throughout the world (Spithill and Dalton, 1998; Haseeb et aI., 2002; Ishii 
et aI., 2002; Mas-Coma et aI., 2005), 
Several species of Fasciola have been described, but only Fasciola 
hepatica and Fasciola gigantica are commonly recognized as taxonomically 
valid species to infect herbivorous mammals, including humans, Fasciola 
hepatica is distributed mainly in temperate areas while F gigantica occurs 
primarily in tropical zones; the 2 species overlap in subtropical localities 
(Kramer and Schnieder, 1998; Mas-Coma et aI., 2005). On mainland 
China, a number of mammals including buffalo, cattle, sheep, and goats 
are susceptible to infection by both F hepatica and F gigantica (Yin et aI., 
1990; Du et aI., 1994; Xu et aI., 2001; Shen et aI., 2002). Fasciola hepatica 
has been found in all provinces of China, including Yunnan, while F 
gigantica has only been found in the Guangxi Zhuang Autonomous 
Region (Yin et aI., 1990; Xu et aI., 2001; Shen et aI., 2002; Huang et aI., 
2004). 
Yunnan Province is located in the southwestern part of China and has 
both tropical and subtropical areas, but it has yet to be determined if F 
gigantica also exists in this province. Th~efore, the objective of the 
present study was to characterize Fasciola species from Yunnan Province 
using sequences of the first and second internal transcribed spacers (ITS-I 
and ITS-2) of ribosomal DNA, as these sequences provide specific 
molecular markers for the identification of F hepatica and F gigantic 
(Agatsuma et aI., 2000; Huang et aI., 2004; Lin et aI., 2007). 
Adult trematodes were collected from the livers of infected hosts (all 
were local animals) at necropsy from 2 geographical locations, Dehong 
and Dali cities of Yunnan, China between July and August 2010. The 
individual samples were washed in physiological saline, identified 
morphologically as Fasciola according to existing keys and descriptions 
(Urquhart et aI., 1996), and then fixed in 70% ethanol and stored at -20 C 
until extraction of genomic DNA. Their codes, host species, and 
geographic origins in Yunnan Province, China are included in Table I. 
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TABLE I. Geographical locations and host origins of the Fasciola spp. 
samples in Yunnan, China. 
Sample 
codes Host Geographical origin Species 
F-DHI Water buffalo Dehong, Yunnan, China F gigantica 
F-DH2 Water buffalo Dehong, Yunnan, China F gigantica 
F-DH3 Water buffalo Dehong, Yunnan, China F gigantica 
F-DH4 Water buffalo Dehong, Yunnan, China F gigantica 
F-DH5 Water buffalo Dehong, Yunnan, China F gigantica 
F-DH6 Water buffalo Dehong, Yunnan, China F gigantica 
F-DLI Holstein dairy cow Dali, Yunnan, China F gigantica 
F-DL2 Holstein dairy cow Dali, Yunnan, China F gigantica 
F-DL3 Holstein dairy cow Dali, Yunnan, China F hepatica 
F-DL4 Holstein dairy cow Dali, Yunnan, China F hepatica 
A portion of individual adult trematodes was digested with the use of 
sodium dodecyl-sulphate/proteinase K for 48 hr; total genomic DNA was 
extracted using the DNeasy Extraction Kit (Biotech, Beijing, China) and 
eluted into 100 III of H20 according to the manufacturer's recommenda-
tions. DNA samples were stored at -20 C until further use. 
The DNA region comprising ITS-I, 5.8S, and ITS-2 plus primer 
flanking sequences (ITS+) was amplified from specimens with the use of 
primers BDI forward: 5'-GTCGTAACAAGGTTTCCGTA-3' and BD2 
reverse: 5'-TATGCTTAAATTCAGCGGGT-3', (Luton et aI., 1992; Ali 
et aI., 2008). PCR reactions were performed in 2.5 III lOx PCR buffer (free 
Mg2+), 2.0 III MgCI2 (25 mM), 2,0 III dNTPs (2,5 mM each), 0.1 III Taq 
polymerase (5 U/IlI) (Takara, Dalian, China), 0.15 III each primer 
(50 pmol), I III genomic DNA template (approximately 15-20 ng), and 
17.1 III sterilization ddH20 for a total of 25 III mixture, using a 
thermocycler (BIO-RAD, Hercules, California) under the following 
conditions: an initial denaturation at 94 C for 5 min followed by 30 
cycles of 95 C for 30 sec, 55 C for 30 sec, 72 C for 30 sec, and a final 
extension of 72 C for 7 min. Samples with host DNA, or without genomic 
DNA, were included in each amplification run as 'negative' controls, 
An aliquot (5 Ill) of each PCR product was examined on 1.2% agarose-
TAE (65 mM Tris-NAOH, 22,5 mM glacial acetic acid, and 1.25 mM 
ethylenediaminetetraacetic acid, pH 9,0) gels, stained with ethidium 
bromide, and photographed using a gel documentation system (UVItec 
Limited, Cambridge, United Kingdom), The DNA size marker DL2000 
(Takara, Dalian, China) was used to estimate the length of the ITS+ 
amplicons. The ITS+ fragment amplified from each sample was 
approximately 1,000 base pairs (bp) in length, and in no case was the 
product amplified from host DNA or from the no-DNA sample control 
(Fig. I). These ITS+ products of 10 Fasciola species samples were 
sequenced by Diangong Biotechnology Company (Shanghai, China) from 
both directions using the same primers employed in primary amplification. 
The 5' and 3' ends of the ITS-I, 5.8S, and ITS-2 sequences were 
determined by comparison with previously published sequences (Agat-
suma et aI., 2000; Huang et aI., 2004; Jtagaki et aI., 2005; Lin et aI., 2007; 
also see GenBank AJ557567, AJ853848, AJ628430). The sequences were 
composed of the complete ITS-I sequence of 422 bp, the complete 5.8S 
sequence of 162 bp, and the complete ITS-2 sequence of 361 or 362 bp; 8 
sequences (sample codes F-DHI to F-DH6, F-DLl, and F-DL2) of945 bp 
and 2 sequences (sample codes F-DL3, F-DL4) of 946 bp were obtained, 
All the sequences were deposited in GenBank under JF496708-JF496717, 
890 THE JOURNAL OF PARASITOLOGY, VOL. 98, NO.4, AUGUST 2012 
2000 
l~gg 
SOO 
200 
100 
M 1 2 3 4 5 6 7 8 9 10 11 12 
FIGURE I. Agarose gel electrophoresis of ITS+ PCR products of 
representative Fasciola spp, samples from Dehong and Dali, Yunnan 
province, China. Lanes 1- 10 represent samples from a buffalo and a dairy 
cow (Table I), Lanes II and 12 represent host and no-DNA control, 
respectively, M represents a DNA size marker DL2000 (ordinate values in 
base pairs), 
Comparison of the sequences of the 10 Fasciola samples examined with 
those of F. hepatica and F. gigantica revealed that Yunnan Province 
Fasciola species samples examined represent the 2 Fasciola species, namely 
F. hepatica and F. gigantica, 
The present study is the first demonstration of the existence of both F. 
hepatica and F. gigantica in animals in Yunnan by ITS rDNA, their 
genetic markers, with F. gigantica being the prominent species and F. 
hepatica less common. The results provide a foundation for further studies 
on Fasciola trematodes in Yunnan, China and have implications for the 
diagnosis of the disease. 
Project support was provided, in part, by the Yunnan Provincial 
Program for Introducing High-Level Scientists (2009CIl25) and Innova-
tive Research Team of Yunnan (2011 - 14). 
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Echinococcus multilocularis Identified in Michigan with Additional Records From Ohio 
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ABSTRACT: Echinococcus multilocularis was identified in a coyote in 
Indiana in January 1990, prompting an investigation of the distribution 
and prevalence of the parasite in wild canids in Indiana and surrounding 
states. In 1990-1991, the parasite was found throughout northern and 
central Indiana, in northwestern Ohio, and in east-central Illinois. In 
1993-1994, 162 wild canids (97 red foxes, 54 coyotes, 11 gray foxes) were 
collected from Michigan, and an additional 75 (55 red foxes, 7 coyotes, 13 
gray foxes) from Ohio, and examined for this parasite. Of these, 15 wild 
canids (6.3%) were found to be infected with E. multilocularis, including 4 
of 97 (4.1 %) red foxes from Michigan and 9 of 55 (16.4%) red foxes and 2 
of 7 (28.6%) coyotes from Ohio. In Michigan, all infected animals were 
from the central and southwestern parts of the state. No infected animals 
were found in northern Michigan, including the Upper Peninsula. In Ohio, 
infected animals were limited to the northwestern and west-central 
portions of the state. These findings constitute new state and distribution 
records for E. multilocularis in the midwestern United States and indicate 
that the parasite continues to spread eastward and into Michigan from the 
south. 
Echinococcus multilocularis is a very important zoonosis worldwide, 
producing serious alveolar echinococcosis, and has a surprisingly large 
geographic distribution in North America (Schantz et a1., 1996; Eckert, 
1998). In addition to its occurrence in the tundra zone of Alaska and 
northern Canada, the parasite exists in a large enzootic focus in central 
North America, extending from the southern half of the western Canadian 
prairie provinces into the north-central United States, and there from 
Montana and eastern Wyoming eastward to north-central Ohio (Rausch, 
1985, 1995; Hildreth et a1., 1991; Storandt and Kazacos, 1993; Schantz et 
a1., 1996; Eckert, 1998; Storandt et a1., 2002; Storandt, 2003). Over the 
years, E. multilocularis has increased in both geographic range and 
prevalence in this region. We first identified the parasite in a coyote (Canis 
latrans) in Indiana in 1990 and reported 13.7% of 300 wild canids positive 
for the parasite in northern and central Indiana, northwestern Ohio, and 
east-central Illinois (Storandt and Kazacos, 1993). It was postulated that 
the parasite had spread southeastward into the lower Midwest (Illinois, 
Indiana, and Ohio) from the original endemic focus in the Dakotas, and 
that the advancing front of its range cut through central Illinois and 
Indiana and extended into north-central Ohio. It was unknown if E. 
multilocularis had "turned the corner" around Lake Michigan to enter 
Michigan from the south or had possibly spread into Michigan from the 
north (via Canada and the Upper Peninsula), although the parasite was 
not known to occur in eastern Canada, including southern Ontario 
(Schantz et a1., 1996; Eckert, 1998). 
As part of distribution and prevalence studies on E. multilocularis in 
wild canids beginning in 1990 and in an attempt to answer the preceding 
question concerning Michigan, 162 wild canids (97 red foxes [Vulpes 
vulpes), 54 coyotes, 11 gray foxes [UroQlon cinereoargenteusJ) were 
collected from Michigan and an additional 75 (55 red foxes, 7 coyotes, 
13 gray foxes) from Ohio in 1993-1994 and examined for this parasite. 
Collection areas, counties, and numbers examined are listed in Table 1. 
During the fall-winter trapping season, carcasses were collected from 
cooperating trappers and fur buyers, necropsied, and examined for E. 
multilocularis as described previously (Storandt and Kazacos, 1993). 
Fifteen of the 237 (6.3%) wild canids were positive for E. multilocularis 
at necropsy, including 4 of97 red foxes (4.1%) from Michigan and 9 of 55 
(16.4%) red foxes and 2 of 7 (28.6%) coyotes from Ohio (Table I). In 
Michigan, infected animals were from the central and southwestern parts 
of the state (Table I; Fig. 1) and, in Ohio, from the northwestern and 
west-central parts of the state (Table I; Fig. 2). In a previous study, 60f21 
(28.6%) red foxes from northwestern Ohio were found to be infected 
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(Storandt and Kazacos, 1993) (Fig. 2). In Michigan, none of 79 animals 
from northern Michigan, including the Upper Peninsula, was infected and, 
in Ohio, none of 28 animals from southwestern (2), north-central (22), or 
east-central (4) Ohio was infected. 
Echinococcus multilocularis was first discovered in the contiguous 
United States in red foxes in North Dakota (Leiby and Olsen, 1964). 
Since that time, it has steadily expanded its range to include all, or part, of 
TABLE 1. Echinococcus multilocularis infection in wild canids in Michigan 
and Ohio (1993-1994). 
Examined, Infected, Canid 
State/area/county no. Canid type' no. type' % 
Michigan 
Northern Michigan, Upper Peninsula 
Alger 2 1 RF, 1 C 0 
Baraga 10 8 RF, 1 C, 0 
1 GF 
Gogebic 7 5 RF, 2 C 0 
Houghton 10 9 RF, 1 C 0 
Mackinac 3 1 RF, 2 C 0 
Marquette 1 C 0 
Menominee 3 2 RF, 1 GF 0 
Northern portion, lower Michigan 
Cheboygan 27 1 RF, 26 C 0 
Oscoda 16 C 0 
Central Michigan 
Gratiot C 0 
Montcalm 22 20 RF, 2 C 2 RF 9.1 
Southwestern Michigan 
Barry 12 9 RF, 3 GF 0 
Cass 37 36 RF, 1 C 1 RF 2.7 
Kalamazoo 7 2 RF, 5 GF RF 14.3 
St. Joseph 4 3 RF, 1 GF 0 
Ohio 
Northwestern Ohio 
Henry RF 0 
'Putnam 15 12 RF, 3 GF 3 RF 20.0 
West-central Ohio 
Auglaize 3 RF RF 33.3 
Darke 4 RF 0 
Mercer 24 17 RF, 6 C, 7 5 RF, 29.2 
1 GF 2C 
Southwestern Ohio 
Greene 2 GF 0 
North-central Ohio 
Crawford 16 9 RF, 7 GF 0 
Wayne 6 5 RF, 1 C 0 
East-central Ohio 
Carroll 4 RF 0 
• C = coyote, GF = gray fox, RF = red fox. 
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Legend 
l1li Positive (1993 -1994) ~ Negative (1993 -1994) 
FIGURE 1. Distribution of Echinococcus multilocularis in wild canids 
in Michigan. 
13 contiguous states in the north-central region (Storandt, 2003). This 
study provides evidence that the parasite continues to increase its range in 
central North America, having spread into Michigan from the south, by 
moving around Lake Michigan from northeastern Illinois and north from 
Indiana. No infected animals were found among 79 wild canids collected 
from northern Michigan, including the Upper Peninsula. A northward 
expansion into Michigan is further supported by the following data: E. 
multilocularis was not found in 302 red foxes from southern Ontario in 
1979-1980 (E. Addison, pers. comm.) or in 100 red foxes from the upper 
peninsula of Michigan in 1985-1991 (L. Peters, pers. comm.), both cited in 
Storandt (2003). 
The parasite has also spread into northwestern and west-central Ohio 
from Indiana, as indicated by previous findings (Storandt and Kazacos, 
1993) and additional records in this study. In addition to what we found 
by necropsy, I of 46 red foxes bled in Ohio, in 1990-1991 was strongly 
seropositive for E. multilocularis (Eckert, 1§98); this animal, from north-
central Erie County, thus far represents the most easterly occurrence of the 
parasite (K. A. Smith, pers. comm., cited in Kazacos and Storandt, 1993). 
There are several possible reasons for the continued expansion of the 
geographic range and prevalence of E. multilocularis in central North 
America. These would include increased abundance and stability of wild 
canid populations in the region, possibly favored by changes in land use 
practices, as well as infection of particular species such as coyotes that could 
hasten the spread of the parasite (Storandt et aI., 2002). Both red foxes and 
coyotes are excellent definitive hosts for E. multilocularis and are both 
common in central North America (Hildreth et aI., 1991; Schantz 
et aI., 1996; Eckert, 1998), but coyotes typically have much larger home 
ranges and can travel much longer distances than red foxes (Voigt and Berg, 
1987). Translocation of either of these species by hunting clubs or others 
could also introduce E. multilocularis into new areas, possibly far distant 
from their point of origin (Hildreth et aI., 1991). Because of various factors 
Legend 
.. Positive (1993 -1994) 1m! Seropositive (1990 -1991) 
III Positive(1990-1991) ~ Negative(1993-1994) 
FIGURE 2. Distribution of E. multilocularis in wild canids in Ohio, 
including data from Storandt and Kazacos (1993) and unpublished data 
from K. A. Smith (pers. comm., cited in Storandt and Kazacos, 1993). 
favoring increased numbers as well as the spread of wild canids, it can be 
expected that E. multilocularis will continue to expand its present range to 
the east and south, as well as spreading further northward into Michigan. 
We gratefully acknowledge the help of cooperating trappers and fur 
buyers in Michigan a,nd Ohio in obtaining wild canid carcasses for 
examination. We also thank Susan Reynolds of the Indiana Agricultural 
Statistics Service for help in preparing the figures. Financial support was 
provided by the Indiana Division of Fish and Wildlife and a grant to 
K.R.K. from Miles Inc. Agriculture Division. 
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Egg Dispersal in the Acanthocephalan Acanthocepha/us dirus: Field Data 
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ABSTRACT: Among acanthocephalans, eggs are typically dispersed in the 
feces of definitive hosts. A recent laboratory-based study provided support 
for the hypothesis that some female acanthocephalans (Acanthocephalus 
dirus) carry eggs into the environment prior to dispersal. Here, we 
examined the potential occurrence of this relationship under natural 
conditions. Using 6 field surveys, we searched the sediment of a local 
stream to determine whether the bodies of A. dirus females could be 
located. We recovered the bodies of 24 intact A. dirus individuals from the 
stream sediment, of which 5 were mature females. All 5 of the mature 
females contained mature eggs, with I female carrying approximately 
10,000. These results are consistent with the interpretation that eggs can be 
dispersed from the bodies of female A. dirus in nature. We also found that 
there was significant variation in the number of mature eggs present in the 
females, with 4 of the 5 females carrying fewer than 400 mature eggs. In 
addition, we recovered approximately 20,000 mature eggs from a fecal 
pellet that had been expelled from a fish. We propose that eggs may be 
dispersed both in the feces of definitive hosts and from the bodies of 
expelled female A. dirus under natural conditions, 
Dispersal patterns in helminths can be relatively diverse, with factors 
such as the properties of the habitat and the feeding behavior of hosts 
influencing the optimal mechanism (Combes et aI., 1994; Bush et aI., 2001; 
Moore, 2002). In acanthocephalans, eggs are typically released into the 
environment with the feces of definitive hosts (Kennedy, 2006). Once the 
eggs are in the environment, several adaptations have evolved that appear 
to facilitate transmission to intermediate hosts, e.g., egg fibrils, egg 
expansion, and egg buoyancy (George and Nadakal, 1973; Oetinger and 
Nickol, 1974; Uznanski and Nickol, 1976; Barger and Nickol, 1998; 
Wongkham and Whitfield, 2004), In addition, there is a high level of 
variation in shape, size, and membrane composition of acanthocephalan 
eggs, indicating a potential role of local ecology in the evolution of 
dispersal and transmission (West, 1964; Marchand, 1984; Taraschewski 
and Peters, 1992; Nikishin, 2001). 
A recent laboratory-based study showed that dispersal may also occur 
from the bodies of females of the acanthocephalan Acanthocephalus dirus 
(Kopp et aI., 2011). In this study, female A. dirus were expelled from 
definitive hosts intact, sank to the substratum, and contained mature eggs 
that could hatch and develop in intermediate hosts (isopods). In addition, 
it was shown that the sediment-dwelling isopods exhibited positive feeding 
responses to the bodies of these females; this response could facilitate 
transmission. Based on these findings, we developed the following 
predictions. First, the bodies of female A. dirus should be present in the 
stream during the period of egg dispersal (late spring). Second, the bodies 
of females should be located on the substratum where they can be 
encountered by foraging isopods. Third, the bodies of the females should 
contain mature eggs. We tested these predictions using 6 field surveys of a 
local population of A. dirus during the lat~spring of 2011. 
Populations of A. dirus (= Acanthocephalus jacksoni = Acanthocephalus 
parksidet) are common in streams throughout the midwestern United 
States (Amin, 1985; Crompton and Nickol, 1985), where they infect 
sediment-dwelling isopods (Caecidotea spp., Lirceus spp.) as intermediate 
hosts and several freshwater fishes as definitive hosts (Seidenberg, 1973; 
Muzzall and Rabalais, 1975; Camp and Huizinga, 1980; Amin, 1985; 
Sparkes et aI., 2004). Development in A. dirus is relatively synchronous, 
with immature acanthellae dominating infections of isopods during the 
summer and mature cystacanths dominating infections of fishes during 
late spring to early summer (Seidenberg, 1973; Amin et aI., 1980; Camp 
and Huizinga, 1980). Inside the isopod, the acanthellae develop into 
cystacanths over a 2- to 3-mo period, during which time females produce 
ovarian balls (Oetinger and Nickol, 1982), Inside the fish, female A. dirus 
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produce eggs which are dispersed in the stream during the late spring and 
summer (Seidenberg, 1973; Camp and Huizinga, 1980). 
Field surveys were carried out in a shallow region of Buffalo Creek, 
located 60 km northwest of Chicago in Lake County, Illinois (42°11 '9"N, 
88°3'27"W). In this region, the current is relatively slow, the depth is 
shallow (0.1-0.5 m), and many objects are visible on the sediment surface 
which is a heterogeneous mix of gravel, detritus, and silt. Juvenile isopods 
(Caecidotea intermedius) present in the stream are infected with A. dirus 
eggs during the summer (Sparkes et al., 2004, 2006), The parasites develop 
to the cystacanth stage by November and are then present either in the 
isopods or the definitive hosts (creek chub, sunfish) through late spring, 
During the late spring, isopods that are still present senesce, which results 
in the liberation of immature A. dirus into the stream when the bodies of 
the isopods decompose. This period corresponds with the time that mature 
female A. dirus are expected to be expelled from the definitive hosts. Thus, 
the bodies of both immature and mature A. dirus individuals may be 
present in the stream during late spring. 
Six field surveys were used to locate A. dirus parasites on the stream 
sediment (5, 16 April, 10, 22 May, and 2, 26 June 2011), All 6 of the 
surveys were conducted in the same 100-m stretch of the stream (depth 
0.1-0.5 m, width 1-2 m). During the first 5 surveys, 1 observer walked 
slowly upstream for approximately 50 m and visually examined the 
substratum for individual parasites for between 2 and 3 hr. The 
acanthocephalan parasites are relatively conspicuous due to their bright 
white appearance and large size (length >3 mm). The final survey was 
more extensive than the first 5 (26 June 2011, 2 observers, 6 hr). In this 
survey, 2 observers walked upstream and searched for parasites on the 
stream substratum (as above). Following completion of the visual 
. inspection, approximately 30 sediment samples were collected from 
throughout the survey range (approximately 750 ml per sample). To 
determine whether parasites were present in the sediment, each sample was 
washed through a set of serial sieves (U.S. Standard Sieve Series, Dual 
Manufacturing Co., Chicago, Illinois; mesh sizes 9.5, 2.4, 0.5, 0.1 mm). 
For all of the surveys, individual parasites that were recovered were 
preserved in 70% ethanol and transported to the laboratory on the DePaul 
University campus, Chicago, Illinois. 
For each intact par<;lsite, we measured body length and width and then 
calculated parasite volume (volume = [It X length X width2j/6, as per 
Dezfuli et aI., 2001). We also recorded whether the body had been 
colonized by other organisms from the stream (fungi, pennate diatoms). 
Individual parasites were dissected to determine maturity (1m = 
immature, Ma = mature), gender (F = female, M = male), and whether 
eggs or ovarian balls were present. When eggs were present, their maturity 
was assigned based on the number of membranes present (West, 1964). 
For egg enumeration, the eggs and ovarian balls recovered from each 
female were transferred into a glass tube containing distilled water (13 X 
lO<rmm, total volume = 5 ml). Prior to each count, the tube was gently 
vortexed for 15 sec and 10 sub-samples (41J.I per sample) were transferred 
to Cell-VU slides (Millennium Sciences, Inc., New York, New York). 
Each sub-sample was placed into the middle of a marked circle that had 
been divided into 8 sections of equal size. One drop of Lugol's solution 
was then added to stain the eggs. The number of eggs was counted, the 
average number of eggs present per sub-sample calculated, and the total 
egg content per parasite estimated (based on the initial volume of liquid). 
The same procedure was used to estimate the number of ovarian balls 
present. 
We located 30 A. dirus individuals during the first 4 field surveys (April, 
May 2011), but there were no parasites recovered during the last 2 surveys 
(June 2011). On the final survey, we recovered several thousand midge 
larvae (Chironomidae) from the sediment samples that were comparable 
in size to adult A. dirus. This indicates that the parasites would most likely 
have been collected if they were present. Of the 30 parasites recovered, 24 
were intact and were included in the analysis. Mean female volume was 
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3.0 mm3 (SE = 0.34, n = 21) and mean male volume was 1.40 mm3 (SE = 
0.40, n = 3). For 23 of these parasites, the bodies were lying free on the 
sediment. The other parasite was contained in what appeared to be a fish 
fecal pellet that was also located on the substratum. This pellet was 
comparable in appearance to fecal pellets recovered from fish housed in 
the lab and contained the parasite along with fecal material. Nine of the 24 
parasites examined had been colonized by diatoms and 3 by fungi. Twelve 
of the parasites recovered were females in which the proboscis was everted 
and the body contained ovarian balls (volume = 3.0, SE = 0.46, number 
of ovarian balls = 928, SE = 106). These females were most likely 
liberated from the bodies of isopods that had senesced and were 
categorized as immature (lm-F). Five of the females had the proboscis 
everted and contained mature eggs (volume = 3.7, SE = 0.86, number of 
mature eggs = 2,290, SE = 1,978). These females would have copulated 
and produced eggs prior to expulsion from the definitive hosts and were 
categorized as mature (Ma-F). The remaining 4 females had an everted 
proboscis but were filled with ovarian balls (volume = 2.3, SE = 0.46, 
number of ovarian balls = 769, SE = 277). These females did not contain 
either immature or mature eggs, and the number of ovarian balls present 
was comparable to the number of ovarian balls present in the females that 
had been categorized as immature (I-tailed t-test: t = 0.7, df = 14, P = 
0.3). These females could have either been liberated from the bodies of 
dead isopods (immature females whose proboscis everted incidentally) or 
expelled from definitive hosts prior to copulation (mature females that 
failed to establish). These females were categorized as Im-F/Ma-F. 
Four of the 5 mature females recovered from the stream contained a 
mixture of ovarian balls and both immature and mature eggs. The other 
female was recovered from the fecal pellet and contained only mature 
eggs. The number of ovarian balls present in these females (mean = 420, 
SE = 276) was lower than the number of ovarian balls present in the 
immature females (I-tailed t-test: t = 2.2, df = 15, P = 0.02). One of the 
mature females contained approximately 10,000 mature eggs. The other 4 
females contained fewer than 400 mature eggs. The female recovered from 
the fecal pellet contained approximately 330 mature eggs, and analysis of 
the fecal material in the pellet revealed that approximately 20,000 mature 
eggs were present. 
Given that 9 of the A. dirus females that were recovered from the 
substratum had been colonized by diatoms, we also examined whether 
colonization differed between the female types. All 5 of the mature females 
had been colonized (100%) whereas only 2 of the 16 other females (12%) 
were colonized. Statistically, mature females were more likely to be 
colonized than were the other females (G-test with Yate's continuity 
correction: G = 9.6, df = 1, P < 0.01). There was no difference in body 
size (volume) between females in these groups (t = 1.1, df = 19, P = 0.3). 
The results show that the bodies of some mature female A. dirus are 
present on the stream sediment in late spring when they can be 
encountered by foraging isopods. These bodies contained mature eggs 
with 1 female carrying approximately 10,000 mature eggs. Collectively, 
these results indicate that female A. dirus carried mature eggs into the 
microhabitat of their target hosts prior to dispersal. 
This is the first study to provide field-based evidence to support the 
hypothesis that eggs can be dispersed from the bodies of females; this has 
been proposed to occur in A. dirus and other acanthocephalans (Nicholas 
and Hynes, 1958; Denny, 1968; Muzzall and Rabalais, 1975; Kopp et aI., 
2011). The results also showed that there was significant variation in the 
number of mature eggs present in the females. In 4 of the 5 mature females 
recovered, the number of mature eggs present was relatively low «400). 
In I of these cases, the female was recovered ff~m a fecal pellet, indicating 
that most of her eggs were probably released into the intestines of the fish. 
Consistent with this interpretation, the fecal pellet also contained 
approximately 20,000 mature eggs. For the other 3 females, it is not clear 
whether the eggs were released inside the fish or from the bodies of the 
females in the stream prior to collection. Collectively, these results show 
that eggs are most likely dispersed from both the feces of definitive hosts 
and the bodies of female A. dirus in nature. This finding is consistent with 
a pattern identified in the acanthocephalan, Echinorhynchus truttae, in 
which both spent and gravid females were recovered from the feces of fish 
in the lab (Awachie, 1966). 
The results obtained in this study also provide insights into the 
transmission dynamics of A. dirus in nature. Kopp et al. (2011) showed 
that foraging isopods appear to be attracted to the bodies of mature 
female A. dirus. This relationship is expected to increase transmission 
success, as the female bodies contain mature eggs. Here, we found that the 
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bodies of mature females were also more likely to be colonized by diatoms. 
Diatoms are commonly fed upon by isopods in streams during the spring 
(Torres-Ruiz et aI., 2007) and, in some cases, can produce volatile organic 
compounds that attract several types of macroinvertebrates including 
isopods (Jiittner et aI., 2010). Thus, isopods could potentially be attracted 
by chemicals emanating from both the diatoms and the bodies of the 
mature females. However, it is also possible that the mature females were 
colonized by diatoms because the bodies of these females were in the water 
longer than the immature females. Future studies are required to 
determine the significance of diatom colonization to transmission 
dynamics of A. dirus in nature. 
Funding was provided by the Department of Biological Sciences and a 
Faculty Research and Development Grant (DePaul University). Stan 
Cohn provided insights into diatom biology and Sara Caddigan and Zach 
Pekor assisted in data collection. 
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Parasites of Flier, Centrarchus macropterus, From Prairie and Channel Habitats in the 
Okefenokee Swamp, Georgia 
Derek A. Zelmer, Stephanie A. Brewer, and Hugh G. Hanlin, Department of Biology and Geology, University of South Carolina Aiken, Aiken, 
South Carolina 29801. e-mail: derekz@usca.edu 
ABSTRACT: Flier (Centrarchus macropterus: Centrarchidae) were col-
lected from a channel habitat, a prairie habitat, and a boundary between 
the 2 habitat types in March 2009 and examined for parasites. Flier from 
the prairie site had a significantly lower abundance of Pterocleidus acer 
and a significantly higher abundance of Hysterothylaceum juveniles. 
Patterns of infracommunity similarity showed a distinct break between the 
2 habitat types, with fish collected from the boundary site clustering with 
either channel or prairie communities, suggesting that the small home 
range of flier restricts the exposure of individuals to parasites. 
Flier (Centrarchus macropterus: Centrarchidae) are invertivores, and, 
occasionally piscivores, that inhabit heavily vegetated backwater and 
swamp habitats (Gunning and Lewis, 1955; Laerm and Freeman, 1986; 
Rohde et aI., 1994) and are reported to have home ranges that typically are 
less than 200 m (Marcy et aI., 2005). The present investigation was 
conducted to determine whether the small home range would result in 
habitat-specific differences in the parasite infracommunities of flier caught 
in the Suwannee Canal and the Chase Prairie in the Okefenokee Swamp, 
Georgia. 
Fish were collected by hook and line from 3 localities in the Okefenokee 
Swamp (Fig. I) in March 2009, One locality (site I) was in the channel of 
the Suwannee Canal (N 30.7457, W 82.1862), one locality (site 2) was at an 
inlet from the canal into the Chase Prairie (N 30.8039, W 82.2471), and the 
third was within the Chase Prairie (N 30.8354, W 82.2476). Fish were 
transported on ice and kept in a -10 C freezer until necropsy. Fish were 
measured for standard length and weighed prior to necropsy. All organs 
were examined for parasites with the aid of a stereomicroscope. 
Monogeneans were fixed to slides using Gray's (1954) method, dehydrated 
in an ethanol series, stained with eosin-xylol (McLean, 1934, as cited in 
Lee, 1937), and mounted in damar. Nematodes were fixed in buffered 10% 
formalin, cleared in lactophenol, and examined as temporary mounts in 
glycerol. Acanthocephalans were fixed in AFA, stained with Semichon's 
acetic carmine, dehydrated through an ethanol series, cleared in xylene, 
and mounted in damar. 
Infracommunity dissimilarities were calculated. using the Bray-Curtis 
Index, with parasite abundances standardized to unit maxima. Patterns of 
infracommunity similarity were examined by nonmetric multidimensional 
scaling (NMDS), and clustering of infracommunities by locality and by . 
host sex was examined by analysis of similarity (ANOSIM), using 
DECODA software, beta version 3.0 (Copyright 2005, P. Minchin). 
Covariation between ordination axes and host mass and length were 
analyzed by Monte Carlo simulation using DECODA software. Mean 
abundances were compared between the channel and prairie sites using 
Kruskal-Wallis nonparametric ANOV A. 
Mean abundances of the parasites samplejl. are presented in Table I. 
The mean abundances of only 2 parasite species differed significantly 
between the channel and prairie samples, with Pterocleidus acer having a 
higher mean abundance in the channel sample (F = 5.76; df = 1,12; P = 
0.034), and Hysterothylaceum sp. having a higher abundance in the prairie 
sample (F = 12.09; df = 1,12; P = 0.0046). 
Ordination of the infracommunity data showed a distinct separation 
between the channel and prairie localities (Fig. 2A), that was supported by 
ANOSIM (R = 0.389; P = 0.004). Infracommunities from the boundary 
locality clustered either with the channel infracommunities or the prairie 
infracommunities, with none exhibiting intermediate similarities (Fig. 2A). 
As a group, the boundary communities were not significantly distinct from 
the channel infracommunities (R = 0.0115; P = 0.40) and were marginally 
distinct from the prairie infracommunities (R = 0.210; P = 0.046). 
DOl: lO.1645/GE-3010.1 
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FIGURE I. Map of the channel (site I), boundary (site 2), and prairie 
(site 3) localities in the Suwannee Canal and Chase Prairie of the 
Okefenokee Swamp. Map drawn by projection from aerial photos 
downloaded using USAPhotoMap software (JDMCox Software). 
TABLE I. Mean abundances of parasites sampled from flier at 3 localities 
in the Okefenokee Swamp, Georgia. Standard errors are in parentheses. 
Site I: Site 2: Site 3: 
channel boundary prairie 
Parasite species (n = 7) (n = 19) (n = 7) 
Monogenea 
Onchocleidus flieri USNPC 5.3 (1.6) 6.7 (1.1) 3.4 (1.1) 
105215.00-105217.00 
Pterocleidus acer USNPC 12.1 (2.1) 14.3 (6.3) 5.9 (2.0) 
105212.00-105214.00 
Nematoda 
Gnathostoma sp. 0.1 (0.1) 0.2 (0.1) 0.3 (0.3) 
Hysterothylaceum sp. USNPC 0.3 (0.2) 0.6 (0.2) 1.9 (0.4) 
105218.00-105220.00 
Acanthocephala 
Neoechinorhynchus cylindratus 0(0) 0.05 (0.05) 0.4 (0.3) 
• 
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FIGURE 2. Nonmetric multidimensional scaling ordination of flier 
infracommunities from the channel, prairie, and boundary habitats sampled 
in the Okefenokee Swamp in March 2009. (A) First and second ordination 
axes. (B) Three-dimensional plot showing third axis and vector indicating the 
relationship between the pattern of infracommunity similarity and host size . 
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ANOSIM detected no significant clustering of infracommunties by host 
sex (R = -0.0263; P = 0.722). Host mass covaried significantly (r = 
0.494; P = 0.043) with the third axis of the NMDS ordination (Fig. 2B) 
but does not explain the observed pattern of infracommunity similarites, 
as there were no significant differences in host mass among the 3 samples 
(ANOVA: F = 0.10; P = 0.901). Host length did not covary with any of 
the 3 ordination axes (r = 0.1334; P = 0.916) . 
The contention that flier have a small home range is supported by the 
separation between channel and prairie infracommunities, and the lack of 
intermediate infracommunities in individuals caught at the boundary 
between the 2 habitat types. Two individuals from the channel locality did 
cluster with the prairie infracommunities, but the locality at which they 
were caught was not an isolated part of the channel and did allow access 
from adjacent prairie, which would be expected to have a complement of 
potential intermediate hosts similar to that of the Chase Prairie (Fig. I). 
We are grateful to Carey Hanlin and Pam Steen for their assistance in 
collecting the fish. 
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